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I. Of alf the components of photographic technique, optics has been linked 
longest with science proper. At a stage when the chemical aspects of 
graphy still suffered from the comparatively crude means of trial-ani-error 
practice, lenses were already made and tested on a basis reliably provided by 
the quantitative methods of physics. 

This fact accounts for three effects. First, the development of photographic 
optics has always b^n conservative as compared wi^ the frequent leaps 
of progress of photography in general. Secondly, books on photographic 
optics — provided they did rtot chrme to be quite superficial — appears to be 
more academic than books on any other chapter of photography. Lastly, the 
photographer, even if he were thoroughly irrterested in the differmt aspects 
of the techniques at his disposal, resign^ himself to scraps of infonr^on 
as regards the performarKe of his lenses rather than be bothered by the 
intricacies of what must have appeared to him as higher mathematics. 

Thus, the appeal part of the equipment necessarily became a much less 
flexible instrument of photographic expression in the hands of the bractkal 
worker than negative material, processing or printing. The rise of the minia- 
ture camera, with its wide choice of mterchangeable lenses and ^fecial 
flrtders, made the photographic public more optks-conschus them k was 
before, but it had little to rely on for reference apart from the somewhat 
dogmatic claims of manufacturers. 

The rrmn who designs a lens and the man who uses it in a camera, enlarger 
or projector, are interested in the same thing : is the lens the right one and 
the b^ one for the Job in hand 7 But as long as they do not speak the same 
language the attitude of the ** scientific ** man is littie understandable to 
his “ practical ” opposite number. 

In this book a modest attempt has been made to ge^ the photographer 
more interested and to help him to understand how /jIs lens works and why, 
and what can be expected of ft Step by step, the reader without previous 
knowledge h led from somewhat loose definitions of terms met with in his dally 
work to explanations of the desigrmr^s difficulties and string qualfka^ons 
of the manufacturer's clairm. These vistem Into the best use if /enses ami 
their background are opened without using any but the bare minimum of 
formulae. Some, however, had to be ineJuM as one can no more talk about 
lenses without referring to the formulae than one can discusss developing 
widmitthem. Their presence in this book may be found counter-balanced 
by an unusually large number of diagrammatic r^resentathns. “ Pictures,** 
by nature, can never t^l the whole truth but what they t^l of His easier to 
pHsreeive than the more exact meaning of an equation. 

Particular care has been taken not to devote unduly large space to some- 
what dry subjects. The details of coma, astigmatism, chromatic t^ierratkm, 
etc., are matters for the optical ^>ecfalisL Still, H is these fMts or their 
absmee that make or mar the performance of a hns and no dhaaskm of the 
best type of lenses at present available can be introduced vrHhout an m^r- 
standing of die nature of these possible faults. 

II. The Tenth Edition of diis vrmrk is being publhhed ten years after the 
First. This fact offers an envious confirmaton of a success the degree of 
which is unusual for the type of subject. Author and publisher are naturally 
gratified by seeing thus proved that their efforts met such a real and vHal 
need. 

As the work went from edition to edition we have gladly made use of the 
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opportunities offered to keep all the information up to date and to clarify or 
H wberefer possible. If in the course of this process the book grew 
richer in contents and more exoct in making its poi^ ? 

due to the many readers who took the trouble of asking intelligent questions. 
Eyen the best conception can be bettered if there is a chance for second 
tights ; even the best technical text can be improved if from time to time 

there is a chance for a new edition. * *.u*^ 

M the present stage the post-war development of the pho^grap^ 
industry In general and of optical design in particular having made a sufp- 
cmtly wide impact, a thorough all-wer revision of the work seemed to he 
call^ for. This revision was carried out by Mr. G. H. C<^k of Messrs. 

Taybr Taytorand Hobson ltd., in Leicester, in the absence oftheau^or Mr. 

Arthur Cox, chief optical designer to Messrs. Bell & Howell of 
These revisions have enabled us to carry out two measures interlinked with 
each other, it became possible to illustrate more fully the types, 

grouping them in such a way as to demonstrate their family likenesses and 
we could discard the elaborate listing of obsolete designs. There may have 
been a practical merit in tabulatJng older lenses, although discon^nued by 
their manufacturers, as long as the photographer wes forced to fall back on 
almost antique optical equipment during the war and the immediate post- 
war years. As once more modem lenses showing appreciable advance on 
their predecessors are (^ered in such wealth of choice there would be 
justification in blurring die practical photographer's view by rmk^ whose 
name may have by now acquired a somewhat legendary sound while their 
performance remains below the standards of to-day» 


III. The reception of the tenth edition has fully Justified the newappr^ch 
to lens design. In the eleventii edition we have therefore merely had to bring 
die infarmadon up to date within the modified framework of the hook. 

Naturally, such a collection of data has only been possible with the co- 
operation of the manufacturers of optical equipment. Many of them have 
gone to considerable lengdts to k^ us posted on current developments and 
suj^ied with the latest information. We therefore take this opportunity to 
express our gratitude to the many flrms in Britain, France, Germany, 
HoOand, Hafy, Japmi, Switzeflmid and the United Stc^ of America who 
have so kindfy assist in die compilation of the materioL 


A. KRASZNA-KRAUSZ. 
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LIGHT AND LENSES 


Light 

The greater part of our knowledge of the world about 
us Is gained through the use of our eyes. The link between 
our eyes and the objects we see is light This defines what 
we mean by light without, at the moment, saying anything 
about Its nature. It Is merely defined as the link between 
the viewing eye and the object that is viewed. 

Light Is to-day recognised as being something sent out 
by the object being looked at, that travels to the eye at the 
enormous speed of 186,000 miles per second, and that can 
stimulate the eye. 

The first thing to notice is that it travels in straight lines. 
Except to a very minute extent light does not curl round 
the edges of obstacles that it cannot penetrate. Through 
some objects, those that are transparent, light can travel 
without any appreciable change. Others, those that are 
opaque, block It off completely. If a sheet of opaque material 
is held between the eye and a luminous point, Le. one which 
is sending out light, then none of the light sent out reaches 
the eye. 

Ught Rays 

This leads to the idea that every luminous point, whtther 
it is sending out light because it is glowing like the 
filament of a lamp, or because it is illuminated by daylight 
or artificial light, sends out light in all directions, fach 
element of the light sent out travels away in a straight line, 
along the so-called light ray. Rays of light stiialy speaking 
are the straight lines along which fractions of the light 
emitted are travelling. This is shown on p. 13. Not only 
does light stimulate the eye when it reaches it, but if It falls 
on a suitable surface, such as that of white paper, it illumin- 
ates this latter, and this In turn can send light rays to the 
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eye. (With pedantic accuracy this last statement should 
read can send light to the eye along light rays, but the 
phrasing used expresses the same thing In a more compact 
and standard form.) 

Images 

Now suppose that we have a flat surface, such as that 
of white card, and In front of It an opaque screen pierced 
with a fine pin-hole as shown on p. 13. If this arrangement 
Is pointed towards a scene containing light and dark objects 
what happens is as follows : Every bright point in the scene 
sends out light rays. Some of these get through the pin-hole 
and give a small patch of light on the white card. This 
happens for each bright point. No rays are sent out by 
points In the scene that are completely dark. The result of 
this, as shown on p. 13 is that to every bright point in the 
scene there corresponds a small patch of light on the white 
card, and so on the card there is a rather diffuse replica of 
the original scene. This is the image of the scene. 


Lenses and Foci 

The rays of light from any bright point are spreading 
out until they come to the pin-hole, and continue to 
spread out after they pass it as already shown on p. i3. 
Better results are ob^ned if, by an arrangement of polished 
pieces of glass, the light rays are bent when they reach the 
aperture In the opaque screen, so that instead of continuing 
to spread out they now converge and meet again in a point 
as shown on p. 13. A replica Is now obtained In which to 
every bright point in the original scene there may corres- 
pond a bright point on the white card, and as a result a much 
crisper and sharper image Is obtained. The arrangement of 
glasses that bends the light rays in such a way is a iens. 

The point to which the previously diverging light rays 
are brought by a lens Is a focus or image point. 

The simplest types of lens are shown on p. 15. They are 
12 



Top : A luminous point sends out light rays in all directions in straight 
lines. Only unobstructed rays reach the eye (p. 1 1). 

Centre : Rays that get through a pinhole form a diffuse Image (p, 12). 
Bottom : By using a lens to bend the rays a sharp image is formed (p. 12). 
LIGHT RAYS AND IMAGES 
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made from pieces of glass with polished surfaces, each surface 
being part of a sphere. The essential thing is that the centres 
ofall these spheres lie on a straight line, as Is especially clear 
in the figure, which shows a lens consisting of two glasses 
cemented together with Canada Balsam or one of the new 
synthetic cements. This straight line, about which the lens 
is symmetrical, is the axis of the lens. 

Any particular lens can produce only a certain amount of 
bending of the diverging light rays that come to It. The 
more the rays are diverging when they come to the lens the 
less they are converging after they pass through it, and as 
a result the greater the distance away is the focus. This is 
shown on p. 15. 

The greater the power of the lens to bend the rays of light 
that come to it, the closer In to it Is the focus, all other things 
b^ng equaL 

Focal Length 

The extent to which lenses can bend the rays reaching 
them can be measured and compared in this way. Take 
a very distant luminous point such as one located on the 
surface of the sun. To all intents and purposes the light 
rays from this ti^it reach any lens are parallel. Direct the 
lens so that its axis points towards the luminous point as 
shown on p. 15. The parallel rays are bent by the lens so that 
they meet again in a focus, called in this special case the 
focal point of the lens. The greater the bending power of 
the lens the clever to it is the focal point. 

The distance of the focal point from the lens is the focal 
length of the lens. The important feature of a lens is its 
power to bend light and this is measured by its focal length. 
The shorter the focal length the greater the bending power 
of the lens. (It is possible also to have a lens which causes 
light rays to diverge rather than converge, this is dealt with 
in later chapters.) 

In the definition just given there is a certain amount of 
ambiguity In the part of the lens from which the position 
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R/g/it: The simplest form 
of lens consists of a piece 
of glass with polished 
spherical surfaces. Its 
axis is the line joining 
the centres of these. 





In a properly adjusted 
lens of more complex 
form, such as the cemen- 
ted doublet shown, the 
centres of all the spher- 
ical surfaces fie on a 
straight line, the axis of 
the lens (p. 14). 




Left : As the point send- 
ing light moves away from 
the lens the rays of light 
that reach the lens be- 
come less divergent 
(second diagram)^ until 
when the point Is at 
Infinity the rays are 
parallel (th/rd diagram). 
At the same time the 
emerging rays become 
more convergent and the 
image lies nearer In to 
the lens. When the 
incident rays are parallel 
the image Is the focal 
point (p. 14). 


Above : Three diagrams indicate parallel rays of light coming fi-om 
Infinity and converging to the focal points of the lenses in question. We 
see that the power of the lens to bend light depends on its shape. The 
deeper the curves on the glass the stronger the lens. As the power of 
a lens increases the distance of the focal point, or focal length, decreases 
(P. H). 


Bottom : The image of only one point at a time can be focused on a pbte 
or film. The light from other points Is focused in front of, or behind 
the film, and on it forms compjaratively un-sharp discs of varying sizes ; 
this gives rise to depth of focus (p. 16). 


THE ACTION OF LENSES 
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of the focal point is to be measured. The last glass-to-air 
surface is not always the proper base from which to measure 
It. A more exact definition Is given In the following chapter 
where the properties of lenses are considered In greater 
detail. 

Images and Focusing 

Now consider any point In front of the lens and sending 
rays of light to It. The divergence of these rays Is fixed 
once the distance of the point from the lens Is settled. 
As a result the convergence of the rays emerging from 
the lens is determined uniquely, and so Is the position of 
the focus corresponding to that particular point. 

One result of this Is that foci or Image points correspond- 
ing to all the multitude of luminous points In front of a lens 
do not lie In the same plane. Any particular element In 
the picture has Its sharpest and crispest Image or replica at 
the point where the rays from It are brought to their foci. 
If now it Is required to bring a sensitive plate or film to the 
position where It will receive the sharpest Image of some 
elements of the scene^ an adjustment of the lens and plate 
position has to be made so that the image points corres- 
ponding to these elements will lie on the plate. Such an 
adjustment Is spoken of as focusing the lens, and the lens Is 
focused upon those particular elements. 

When the lens Is focused on a certain group of points or 
objects, so that the light rays are bent to meet again on the 
sensitive plate or film, then the rays from all other points 
meet either In front of or behind this plane and form light 
patches of small but finite size upon It. These other objects 
or points are out of focus (p. 15 ). 

D^th of Focus 

When an object Is focused on a ground-glass surface or 
screen, or upon a sensitive plate then its Image Is at Its 
sharpest and crispest. When It Is distinctly out of focus 
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The brightness of an in^ge depends on the f/number of the lens, he., 
the diameter of the beam going through divide<i into the focal leng^. 
The examples show (top) an f 4, (second diagram) an f 2, and (thfrd 
diagram) an f 2 stopped to f 4 by a metal diaphragm. The smaller the 
f/number the greater the image brightness indicated by the r«ponM cn 
an exposure meter (right). If the beam diameter and focal length are both 
halved (fourth and bottom diagrams) the f/number and image brightness 
remain unchanged. These examples again show f 2 lenses (p. 18), 


IMAGE BRIGHTNESS 
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the Image Is very diffuse and as a rule is of no 
particular interest. There Is, however, an intermediate 
region where, although the image is not perfectly sharp, it 
Is of an acceptable standard of sharpness. Because of the 
existence of this region of acceptable image quality the lens 
Is said to have a depth of focus. The exact extent of the depth 
of focus or region of acceptable quality depends on a number 
of faaors and is discussed in detail in later chapters. 

f/nuwbers 

In many Instances it is important to have a comparison 
of the amount of light that goes through a lens. For 
astronomical work the feature that determines the 
brightness of the image produced is the diameter of the lens. 
But for normal everyday photography the only useful meas- 
ure of the light going through the lens, of the brightness of 
the image it produces, is the ratio of the focal length of the 
lens to its diameter. Its fjnumber. Thus if a lens has a focal 
length of 4', and a diameter of I' It Is an f 4 lens. The greater 
the f/number the less useful light goes through the lens and 
the less bright the image formed. Doubling the f/number 
reduces the image brightness to one-quarter (p.lT). 

The f/number in any actual lens is changed in accordance 
with the requirements of the occasion by changing the dia- 
meter of a hole in an opaque diaphragm or stop. As a rule 
nowadays this is effected by the movement of a group of 
curved metal leaves sliding over one another in an iris 
diaphragm. 

Aberrations 

So far the assumption has been made that a lens can be 
constructed so that it will bring a group of diverging 
rays to a focus, in a sharp image point. Such a lens would 
have many of the attributes of a perfect lens. When it 
comes to the question of shaping glass, either practically 
in the shops, or in the mind of the designer to give this 
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result, It has to be admitted that the problem Is insoluble. 
It is known on theoretical grounds, from the nature of light, 
that the problem is Insoluble. But that does not mean that 
a good approximation to a solution cannot be made. What 
is obtained In place of a sharp Image point is a small illumin- 
ated light patch. 

The defects in the performance of a lens which result In 
its bringing rays of light to a small patch of light, instead of 
to a sharp point, are the aberrations. 

Spectrum 

Of the aberrations an interesting group depend on the 
fact that the extent to which any ray of light Is bent by 
glass depends on the colour of the light. This is shown 
especially on p. 20. By the arrangement of slits shown a 
narrow pencil or beam of light rays is produced, say a narrow 
beam of sunlight. This beam traverses a prism, being bent 
or refracted at each glass to air surface. Owing to the vary- 
ing extents to which the light making up the original beam 
is bent, there emerges from the prism not a single beam of 
light, but a number of coloured beams. If these fall on white 
card they produce a coloured patch of light, a spectrum that 
shades off from red, through orange, yellow, green, and blue 
to violet. The arrangement of colours in a spectrum is just 
that seen In a rainbow. 

These are the colours of light that can be seen by the eye. 
They also affect a photographic plate or film. But in addition 
there is something sent out by most glowing bodies or 
illuminated objects, that travels In straight lines like light, 
that behaves in practically the same way as light except for 
the fact that although it can influence a photographic plate 
it does not stimulate any response by the eye. It is invisible 
light, or radiation. 

Two kinds of invisible radiation are of particular interest, 
infra red and ultra-violet radiation. 

To understand what these are means taking more note 
of the nature of light. 
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There Is a regularly repeated pattern of electric force along a light ray. 
The size of the unit of the pattern Is the wavelength. The wavelength 
of red light (top left) Is about double that of blue light (p. 22). 
A beam of white light Is split by a prism Into its component colours, 
and produces a spectrum on a screen ; the coburs produced range 
from red to violet {p. 19), 

THE SPECTRUM 
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There Is an extended range of radiation possessing a repeated pattern 
of electric force, of which light (p. 20) forms only a very limited part. 
The property of the radiation depends on the wavelength, and the means 
of detecting It also depend on Its wavelength. The wavelength of light 
Is so small that a special unit Is used to measure It, the Angstrom Unit 
(A) of which there are ten million In a millimetre. The extreme short- 
ness of X-rays leads to the use of the X unit of which there are ten 
thousand million in a millimetre. Other units In between are the 
micron (/u.) and the milll-mlcron (m/i). 

LIGHT AND RADIATION 
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Wavelength of Light 

Suppose at some instant that we could freeze things, 
prevent further change, and see what are the conditions 
along a ray traversed say by blue light. At any point on 
the ray there Is an electric force. This force varies 
from point to point along the ray In a regularly repeated 
pattern as shown on p. 20. The distance between corres- 
ponding points in the repeated pattern Is the wavelength 
of the light. 

Light Is of essentially the same nature as the disturbance 
sent out by a radio transmitter. In radio the wavelength of 
the repeated pattern of electric force Is about 2,000 metres 
in the long wavebands, down to five or seven metres In the 
very short wave bands, and can only be recorded by instru- 
ments especially designed. In the micro-wave bands the 
wavelength is reduced to a few centimetres and again special 
apparatus is needed. 

As the wavelength Is still further decreased, until It Is 
only a few hundred-thousandths of an inch, the conditions 
under which the radiation Is sent out and perceived change 
radically. It Is now capable of affecting a photographic plate 
and of producing a feeling of warmth on the skin. It Is infra- 
red light or infra-red radiation. 

With a reduced wavelength It Is capable of stimulating the 
human eye and producing a red colour sensation. It is In 
fact red light. At this stage the wavelength is about .00003 
inch. 

Further reductions of the wavelength take the colour of 
the light through the entire range of the spectrum, until at 
a wavelength of .000015 Inch the light Is violet. Any further 
decrease takes it Into the ultra-violet, and after that Into the 
region of X-rays (p. 21). 

As fer as photographic optics Is concerned, the only region 
of Interest, out of the totality of radiation, comprises the 
visible spearum and the near Infra-red and ultra-violet 
bordering on It. It is In this region that photographic lenses 
and equipment are designed to work. 
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THE IDEAL LENS 


Perfect Definition 

No lens yet made is perfect. 

A perfect iens wouid reproduce every point of light as an 
exact point on the sensitive material or focusing screen, and 
reproduce every straight line as a dead straight line. 

Any actual lens falls away from this Ideal. A point of light 
is reproduced as a patch of light of finite size. A straight 
line is reproduced as a narrow band of light, usually curved 
instead of being straight- But there are times when there 
is really no difference between a point and an illuminated 
area of .002' diameter, when the width of the reproduced 
band Is negligible by ordinary standards, and when Its cur- 
vature is barely noticeable. By ordinary standards the lens 
is behaving perfectly, even though it is far from perfect by 
really critical standards. 

The best way of dealing with any lens Is to assume first of all, 
that it is perfect, that it reproduces points as points, and lines as 
lines. 

From this point of view a broad outline of the lens per- 
formance can be given. 

The second stage is to set up really critical standards and 
to see how imperfect the lens actually Is by these. 

The first step Is taken In this chapter. Any lens considered 
is taken to be near enough perfect, and an account Is given 
of the way In which It will therefore perform : the finer 
details of its virtues and vices are dealt with In later 
chapters. 

It will then be taken for granted, throughout this chaffer, 
that a lens reproduces a point of light In front of It as an 
exact point on a plate or focusing screen, and that It re- 
produces a straight line on a plate or screen as a straight 
line. 

Bearing this In mind, the first thing is to be able to describe 
a lens in a useful way. 





Focal Points 


It is obvious how to do this. 

Every lens catalogue refers to lenses as 6' f 4.5, as 2’ f 2, 
and so on, and this description seems adequate for most 
purposes. The 6" and 2' refer of course to the focal length 
of the lens. But it is not so obvious as to what exactly is the 
focal length of a lens, what it is the length of, and between 
what points it Is measured. 

It is so absolutely necessary to have a clear idea of what is 
meant by focal len^h, and of the points between which it is 
measured, that it is worth while going Into the matter fully, 
and describing such things as focal points and nodal points 
in detail. 

When the object in front of the lens is a point of light on the 
lens axis at an Infinite distance, then all the light from It, that 
goes through the lens. Is brought to a focus at the “ rear focal 
point.” This is marked as f 2 on p. 25. The light that enters 
the lens in this case is composed of parallel rays : because 
of the Infinite distance that they have to travel from the 
object to the lens they need diverge from one another only 
by an infinitesimal amount In order to fill the lens aperture. 

The plane at right angles to the lens axis though the rear 
focal point F 2 is the “rear focal plane.” Every object at In- 
finity is reproduced sharply in the rear focal plane. The 
rear focal plane is also shown on p. 25. 

There Is another focal point of equal Importance, the 
“ forward focal point ” marked as F / on p. 25, and a plane 
through this at right angles to the lens axis, the “ forward 
focal plane.” When the object In front of the lens Is a point 
of light at the forward focal point, the rays of light emerging 
from the lens are all parallel to the lens axis, as shown 
on p. 25. And when the object is a point of light somewhere 
in the forward focal plane the rays of light emerging from 
the lens are all parallel to one another, making an angle with 
the lens axis, as also shown on p. 25. 

These constitute the two focal points of the lens. The 
other two points of importance are the two nodal points. 
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Top : Parallel rays of light arc brought 
to a focus by an Ideal lens In the rear 
focal point F2. FP2 Is the rear focal plane. 

Lower : Rays from the forward focal 
point FI emerge as a bundle of rays 
parallel to the lens axis. Rays from any 
other point P In the forward focal plane 
emerge as a bundle all equally Inclined 
to the lens axis (24). 




Top : The angle of Inci- 
dence / of a ray aiming at 
P Is not as a rule equal to 
the emergent angle £ that 
tlw ray makes with the 
l^s axis (p. 26). 

Centre ; When the ray 
alms at the forward nodal 
point N I the angles of inci- 
dence and emergence are 
equal for all rays (p. 26) 
and any emerging ray Is 
parallel to the ingoing 
ray from which It Is 
derived. 

Below : The nodal points 
Nl and N2 may be crossed 
so that M2 Is in front of 
Ml (p. 26). 


Above left : The forward and rear principal planes PPI and PP2 are drawn 
through the nodal points Ml and M2. Any ray cuts each at the same 
distance from the axis. The focal length f Is the distance between each 
nodal point and focal point (p. 27), 


FOCAL AND NODAL POINTS 
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Nodal Points 


Suppose that a ray of light Is going into the lens, aiming 
at a point P on the lens axis, as shown on p. 25. After 
bending at the lens surfaces it finally emerges from the lens, 
aiming away from the point Q. in general it makes a different 
angle with the lens axis before it enters the lens, to the angle 
It makes with the axis after leaving the lens. For instance, 
the ray aiming at the point P may make an angle of ten de- 
grees with the lens axis, and the emerging ray, aiming away 
from Q, may make an angle of perhaps eight or twelve de- 
grees, say, with the axis. The actual ratio between the 
emerging and entering angles depends on the positions of 
P and Q relative to the lens. 

The important case is that in which the angles are equal, no 
matter what the actual size is in degrees. In this case the 
entering ray aims at the ** forward nodal point/ ^ marked Nl 
on p, 25, and the emerging ray aims away from the “ rear nodal 
point,'’ marked N2. 

There Is one possibility to notice. Although the nodal 
points are called forward and rear nodal points, it may happen 
that they are crossed over and the forward nodal point may 
be behind the rear nodal point. This is shown on p. 25. 

The essence of calling them “forward “ and “ rear ” is that 
a ray coming In from the front of the lens alms at the forward 
nodal point, and coming out of the lens aims away from the 
rear nodal point. 

To complete this section, the next thing to do is to con- 
sider the planes at right angles to the lens axis through the 
nodal points. These are the “ principal planes,” The forward 
principal plane PPI on p. 25 goes through the forward nodal 
point Nl ; the rear principal plane PP2 goes through the 
rear nodal point N2, 

The principal planes have this Important property : If 
a ray of light goes Into the lens aiming at a point X In the 
forward principal plane, then it comes out of the lens aiming 
away from a p^nt Y In the rear principal plane, and Y Is the 
same height above the axis as the point X. This is shown on 
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p. 25. When the nodal points are crossed over, the principal 
planes are crossed over. This makes no difference to their 
properties as described above. 


Focal Length 

The forward and rear focal points are put in on p. 25 for 
the sake of completeness and because the relative positions 
of focal and nodal points are important. 

Detailed mathematical work shows that the distance 
from the forward nodal point Nl to the forward focal point FI, 
is exactly the same as the distance from the rear nodal point 
N2 to the rear focal point FL This distance^ marked as*' f*^ on 
p. 25 is the “ equivalent focus ** or “ equivalent focal length 
of the lens. When the focal length of a lens Is given without 
any further qualification. It can be taken for granted that It 
is the equivalent focal length that Is meant, and not the back 
focal length that is described below. 

A normal photographic lens is a converging lens. Rays of 
light from a distant point come out of the lens so that they 
all converge to a point as shown on p. 28. It Is possible, 
though, to have a diverging lens. In this case, rzys of light 
from a distant point come out of the lens as if they diverged 
from a point in front of the rear nodal point, as shown on 

p. 28. 

When the lens is converging the focal length Is said to be 
positive. When It Is diverging the focal length is negative, 
and the lens is often spoken of as being a negative lens. 
In the same way a converging lens is often called a positive 
lens. 

Negative lenses only enter Into photography In very 
special circumstances, such as when they are used as supple- 
mentary lenses (see p. 190), and throughout this book, 
unless a special mention Is made. It can be t^en for granted 
that any lens referred to Is a positive or converging lens. 

Once the positions of the focal points and nodal points 
are known (or what comes to the same thing, when the focal 
length Is known as well as the positions of the nodal points) 
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Left : Parallel rays of light 
are bent by a converging 
lens so that they converge 
to a focus at F (p. 27). 


Right : A diverging or 
negative lens bends the 
rays so that they diverge 
from a focus F. In this case 
and in that shown above 
the nodal points are inside 
the gfess. Their exact 
positions depend on a 
number of factors, such as 
the shape of the lens, and 
the individual type of glass 
used. (p. 27). 




Above : In all but the simplest photographic lenses converging and 
diverging lenses are combined so that their resultant effect Is to cause 
rays of light to converge. Thus they form a complex converging lens 
(p. 27), 


CONVERGING AND DIVERGING LENSES 
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relative to such features of the lens mount as shoulders and 
flanges, quite a lot can be worked out. Everything needed 
in arranging the lens for any type of work can be calculated 
and worked out on paper, from focusing scale markings 
to enlarger settings. Some of these topics will be dealt with 
later in this chapter, 

tAeasuring the Focal Length 

As far as focal length Is concerned the maker’s nominal 
value engraved on the lens can usually be relied upon to 
within 1 per cent or less. And for that matter any 
information about the positions of nodal and focal points 
can be obtained from the makers. But it is sometimes useful 
to be independent of the makers as far as obtaining this 
information is concerned. What follows is, therefore, a 
short account of the principles involved In determining 
focal lengths and so on. Details of improvising apparatus 
are best left completely to individual cases, and only the 
general ideas common to all are given. 

The first thing to do is to find the position of the rear focal 
point or focal plane. 

By the definition of this. It is the plane in which the 
image of an infinitely distant object Is formed. For any lens 
of the size used in cameras the difference between an object 
at a thousand yards and one at infinity is negligible as 
far as finding the rear focal plane is concerned. For a lens 
of S'' focal length the error introduced Is only .001', The only 
thing to do then is to focus some object, at a distance of 
about a thousand yards or over, on a focusing screen, and 
measure the distance of the screen from the lens. This 
gives the position of the rear focal plane and rear focal 
point. The distance of the screen from the middle of the 
last glass surface Is the “ back focal length ” or “ back focus ” 
of the lens. 

To get the position of the forward focal point the simplest 
thing to do is to turn the lens round, so that the glass 
surface that usually faces the distant object now faces the 
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focusing screen. Then find the rear focal point of this 
turned-round lens. This point is the forward focal point of 
the lens in its normal position, relative, of course, to the lens 
and not in absolute position. 

It will probably be found that. In focusing a lens turned 
round in this way, It will be necessary to stop it down to a 
small aperture to get a reasonable definition, and one that 
will stand examination with a I Ox or I5x magnifier, such as 
Is normally used to examine the Image on a focusing screen. 
If the definition Is at all soft, with the lens turned round In 
this way. It Is the proper thing to stop down to Improve the 
definition and then to find the best focus, rather than try to 
find the best focus with soft definition on the screen. 

In dealing with both rear and forward focal planes another 
practical point must be borne In mind. In view of the fact 
that no lens Is perfect. It may happen that the field Is curved, 
and objects whose Images He away from the centre of the 
focusing screen may be in sharp focus with an Image In the 
centre of the screen slightly out of focus, in this case the 
position of the focal point Is found by getting the central 
image dead sharp. (See also the notes on focusing on p. 288.) 

The third and last thing to do is to find the position of a nodal 
point 

Using a Nodal Slide 

To do this some Improvised form of “ nodal slide ” must 
be used as shown on p. 31. The lens can be mounted in V- 
grooves cut In quarter-inch wood uprights which are 
fastened to a baseboard A, and held In position by stops 
bearing against front and back of the lens mount. The depth 
of the grooves In relation to the part of the lens mount 
against which they bear has to be adjusted so that the lens 
axis is horizontal. This can be done within very close limits 
by placing a 90 degree set square against the front or back 
of the lens mount and against the baseboard. 

This lens carriage A Is carried on a second 6, as shown, 
and it can slide between ways on B In a direction parallel to 
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Top : The sliding and swinging 
platforms that constitute a 
slide are shown In plan and eleva- 
tion. When the final adjustment 
Is made the distance of the pivot 
P from the focusing screen Is the 
focal l«igth f (p, 33). In the 
diagram the pivot Is shown as 
being In front of the lens when the 
final adjustment Is made. This 
situation only arises with a 
telephoto. With a normal lens 
the pivot is near the back of the 
lens when the setting Is made as 
described In the text. 

Right : When a lens pivots about 
any point other than the rear 
nodal point N2 there is a shift of 
the Image on the screen. This is 
the basis of the nodal slide. The 
reason is that all the rays emerging from the lens go through the 
Image of the point at Infinity, Anvong these rays Is one through the 
rear nodal point parallel to the Incident set. Hence If there is any move- 
ment of the rear nodal point the Image lies on a line shifted laterally from 
its first position and so there is a nK>vement of the image. When the pivot 
coincides with the nodal point there is no movement of this latter 
and so no movement of the image (p. 32). 

THE PRINCIPLE OF THE NODAL SLIDE 
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the lens axis. This direction again can be fixed by means of a 
set square placed against the front of the lens mount. 

The second carriage B rests on yet a third C. The surfaces 
of B and C In contaa are finished as smoothly as possible 
so that they can move over one another with the minimum 
of friction. The carriage B can swing about on a vertical 
axle carried by C. It Is essential that the movement about 
this pivot should be perfectly smooth, and there must be 
no play between the axle and the hole In B into which it fits. 
There are various ways of arranging this : one Is to cut the 
hole in B rather larger than is needed and form a close fitting 
bearing surface by pouring in Wood's metal or other low 
melting-point alloy. 

The carriage C can slide backwards and forwards on the 
base of the whole apparatus in a direction parallel to the lens 
axis. This Is effected by keeping It pressed up against a 
runner, as shown on p. 31, which has already been set 
parallel to the lens axis. 

The final requirement Is a focusing screen of ground glass 
which Is set at right angles to the lens axis, or what is the 
same thing at right angles to the runner guiding the move- 
ment of the carriage C. 

The carriage B is brought to its central position and the 
lens carriage A moved backvyards or forwards until a distant 
object is in sharp focus at or near the centre of the focusing 
screen, /.e., where the lens axis cuts the screen as nearly 
as can be judged by eye. The carriage C is not touched at 
this stage. With an object at infinity or at a great distance 
all the rays of light from it that reach the lens are sensibly 
parallel. 

The carriage B is then pivoted through two or three 
degrees. What usually happens Is that the image on the 
focusing screen moves to one side or the other. 

On page 31 is shown why this happens. The original 
position of the lens is shown with the nodal points at Nl 
and N2 and the pivot at P. The parallel rays of light are 
brought to a focus on the screen S in the rear focal plane. 
The lens position is shown n^ after it has been swung 
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through a few degrees (exaggerated In the diagram). One 
of the parallel rays entering the lens goes through the 
forward nodal point Nl, as illustrated by the actual ray in 
question X — ^Nl. It emerges from the rear nodal point 
as the ray Nl — Y, parallel to X — Nl as shown. Since all rays 
from a distant point come together In a point after passing 
through the lens, the Image of the distant point must lie 
somewhere on the ray Nl — Y. That means, as Is shown on 
p. 31, that with the lens swinging the Image moves side- 
ways. Actually It also moves out of focus slightly, but not 
enough to matter with a small swing of the lens. 

The carriage C Is then moved away from or towards the 
focusing screen, and the image refocused (with the carriage 
6 in its central position) by moving the lens carriage A. 
This adjustment Is carried out until there is no sideways nme- 
ment of the image or the screen when B is pivoted through a 
degree or two. It is useful to have fine pencil lines ruled on 
the ground glass surface to detect most easily the absence of 
movement. 

When this happens the nodal point Nl coincides with the 
centre of the axk or pivot carrhd by the carriage C. There is 
then no movement of Nl ^ the lens pivots and no conse- 
quent movement of the Image. 

All that is necessary then is to measure the distance of 
the centre of the pivot from the focusing screen. This gives 
the focal length, which has already been defined as the 
distance from the rear nodal point to the rear focal 
plane. 

The forward nodal point is found by measuring off a 
distance, equal to the focal length from the forward focal 
point, which has already been located as described above. 

The method of measuring focal Iwgths just described is only one out 
of a number of possible ways. The two akemathfe methods given below 
are in some v/ays easier to apply with improvised or readily available 
apparatus. 

The first is adapted for occasions when outdoor photography is 
possible, and when a street map or Ordnance map is availabte. The 
procedure then is : Take a photograph (with the lens, the focal length 
of vyhich is wanted, mounted in some suitable camera) of a scene in 
whkh some prominent parts can be picked out on an Ordnance map. 
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Church steeples are espedatfy useful for this purpose. Note on the map 
the position of the camera ziid three other points, if possible more than 
a thotmnd jrards zwzy from the camera. In the diagram on p. 35 the 
camera posl^n is marked by P, and the objects on which attention is 
to be concentrated when the exposure Is made and the negative fixed, 
are taken to be three steeples at A, B, and C. Join PA, P6, and PC and 
continue the lines as shown in the diagram. In the negative measure 
the distances from one another of the innages of the steeples. Suppose 
that the^ are I inch from A to fi, and I|: inch from B to C, as also shown 
on p. 35, On the map draw one line patallel to PB I Inch away from it, 
and on the opposite side of it to the point A, and another I J Inch awray 
on the other side of PB. These cut the lines already drawn on the map 
in a and c respectively. Join a and c and measure their distance apart : 
suppose that It Is 3 inches. Next draw a line PQ from P at right-angles 
to oc, and measure its length : suppose that it is 6 inches. Then the 
focal length of the lens is equal to 6 inches X 2^ -f- 3, j.e., 4^ inches 
{2i inches Is the separation of the Images of A and C on the negative). 

The <^er method is specially applicable to cases where outdoor 
photography is not posslb^ It is al^ useful when plates and films are 
scarce as it can be carried out quite efficiently with the use of a focusing 
screen In the camera Instead of a plate. In c^ine it consists of photo- 
graphing an object from two positions not very distant from the camera, 
or alterf»tiYdy noticing the size of the Images on a focusing screen under 
the same conditkxtt, measuring the image sizes and at the same time the 
distances of the object from the camera. Proceed as follows : 

Hang a tape-measure in front of the camera In which the iens under 
test is mounted, and make sure that the focusing screen in the camera 
is vertical and so paratlei to the tape-measure. Move the camera either 
nearer to or farther from the measure until 20 inches of this latter 
form a sharply focused Image that occupies exactly 2 Inches on the focus- 
ing screen, /.c., the system is working at a reduction of 10 to I. Then 
measure the distance of the tape-measure from some definite point 
on the camera or lens mount as shown in the diagram on p. 35. Next 
repeat the procedure so that a length of AO inches of the measure 
now occupies a length of exactly 2 inches on the focusing screen, and 
the system is working at a reduction of 20 to I. Again measure the 
dbtance of the tape-measure from the camera. Then the difference 
between the two distances from the camera is equal to 10 times the 
focal length of the iens. More generally the formula is : 1 f the distance 
between the two camera positions is D and the difference between the 
two degrees of reduction b M, then the focal length of the lens b given 
by D -r The example given above will make It dear how this 
formuia bto be used. 

The Point of View of the Lens 
The camera does not see any scene in exactly the same way 
that it is seen by any human observer. When one looks at 
a scene there is more to it than the mere formation of an 
image on the retina trf the eye, there is in addition a series 
of psychological phenomena to be taken into account. For 
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Instance it is a photographic commonplace that if the camera 
is taken too near to a subject then the resulting print 
shows a very pronounced distortion of the relative pro- 
portions of the subject. Those parts near the lens are 
grossly enlarged. One never encounters this In real life 
unless it is specially looked for. If one looks at a scene from 
the same viewpoint as a lens that is giving a distorted image 
this distortion is not immediately evident to the eye. The 
mental processes that are called into play allow for the in- 
crease in size of the image formed in the eye. 

Because of the more direct and less interpretive recording 
of a scene given by a lens, and the fact that it may differ 
in important respects from the way in which the same scene 
is apprehended and automatically interpreted by the 
combination of brain and eye, it Is of importance to consider 
in detail the way In which a camera views a scene. 

Every ray that goes Into the lens aiming at the forward 
nodal point, comes out of the lens aiming away from the 
rear nodal point, and travelling in a direction parallel to 
its entering direction. 

Suppose then that a fan of rays is drawn from the forward 
nodal point to all points In the objects to be photographed. 
To these rays there corresponds a fan of rays leaving the 
rear nodal point and going to the photographic plate, as 
shown on p. 38. This second fan of rays are arranged among 
themselves In exactly the same way as the first, and make 
exactly the same angles with one another that are made 
by the corresponding rays In the first fan. The whole set 
of rays from the rear nodal point Is upside down relative 
to the set of rays drawn from the forward nodal point to the 
object points, but this is of minor Importance. What is 
important Is the fact that the angles between the rays are 
the same for both sets. 

If a frame, the size of the plate or film being used, is placed 
In front of the forward nodal point at the same distance 
that the plate Is behind the res^r nodal point (not the focal 
distance except when the objects are at infinity), then the 
fan of rays from the forward nodal point traces out. In this 
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frame, exactly the same pattern that the rays from the 
rear nodal point trace out on the plate or film. The fact that 
one of these patterns Is upside down is of no material Im- 
portance. 

The picture thrown on the film or plate Is Just that which an 
eye, placed at the forward nodal point, would see fronted by a 
rectangle the size of the plate, held at a proper distance. That 
distance Is equal to the distance of the sensitive plate from the 
rear nodal point. 

There Is one qualification to make. The eye, viewing 
such a framed picture, can change Its accommodation and 
focus every element of the picture sef^rately In an almost 
unconscious fashion. This Is out of the question with the 
camera lens. Elements of the picture Included In the frame 
may be quite a long way out of focus and hardly recc^nlsable. 
But as far as they are recognisable on the plate their positions 
and relative sizes are given by the considerations outlined 
above. 

Image Size and Focal Length 

With a given subject to be photographed the largest 
Image Is obtained on the plate when the frame In front of the 
nodal point (we can call It the perspective frame) Is near to 
the subject or even beyond It, as shown on p. 38. When the 
frame is beyond the subject an enlarged image Is obtained, 
and this may be used for low-power photo-micrography. 

When a large Image Is needed on the plate, as in making 
close-ups, there are two ways of making the frame move to- 
wards the subject. The first Is to use a lens of short or moderate 
focus and move the lens and plate bodily towards the subject. 
The second Is to use a long focus lens, when the Incneased 
distance from the rear nodal point to the plate correspondingly 
throws the perspective frame forward. 

The first method can only be used easily when the subjea 
to be photographed Is flat or without much depth and 
relief. Moving the lens forward means that the view-point 
at the forward nodal point also moves forward, and the 

37 





r 

3 


Top : As the focal length of a lens Increases the sensitive plate or film 
and the perspective frame both move away from the nodal points. The 
(bittern traced by rays on the perspective frame and the image on the 
plate both increase In size (pp. 36 and 37). 

lower ; When lenses of different focai lenpf^ view a scene from the 
same point of view (f.e., the forward nodal point NI), the images they 
produce give objects (A and B) In the same relative proportions, but on 
differwit scales (pp. 36, 37), 

TMrd and bottom diagrtmts : When the point of view NI moves away 
from the sc^ie the limiges of two equal objects tend to become more 
neaHy the same sh», I.e.. tf»e relative proportions change (pp. 36, 37). 
PERSPECTIVE 
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Top: With m fixed 
omnera viefwpoint the 
use of longer focm 
lenses gives larger 
Images, hut their re- 
lative prc«>ortlons arc 
unchanged. Secomf ; 
As the >^rtV|K>iiit ap- 
proaches the oh^cts 
photographed (with- 
out chai^ of local 

length) proportioiis change rapidly. Third : The proportions of a 
scene can he changed at will by properly adjusting the taking distance 
and focal length. Cditre (compared wlUt ^ kft) the distance and the 
focal length have been doubled. Rights taking distance and local length 
have been halved. Bottom : Again by adjusting focal length and distance 
the proportions may be changed without affecting background size 
(pp. 36, 37). 

reRSPECnVE IN PRACTICE 
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usual difficulties are then met of exaggerated perspective, 
with outsize noses, outlandish limbs and the like. 

The second method Is usually the best. With a long focus 
lens the perspective frame moves forward, but the view- 
point at the forward nodal point remains at a safe distance 
from the subject and there Is not the same danger of 
exaggerated perspective. 

There Is one further point worth noting. It has }ust been expialned 
why It is better to use a long focus lens for ciose-up work, and the 
above discussion and argument Is applicable even when the close-ups 
are in the nature of table-top photography. When close-ups are required 
out of doors a form of lens that is very useful Indeed Is a telephoto lens 
(page 195). But if a telephoto lens Is used for table-top work special 
attention must be paid to the positron of the forward nodal point which 
is usually at a considerable distance In front of the lens. Telephoto 
lenses are dealt with In detail in another chapter, but the diagram on 
p. 199 will give a general Idea of the positions of the nodal points of such 
a lens. The case drawn is that for a telephoto effect of 2X. In actual 
work of this type, of course, the focusing and composition are best 
done on a ground glass screen, but time and trouble are saved If It 
Is remembered that the point of view from which a telephoto lens 
sees the picture Is away out In front of It. There Is no need to make any 
spedal point of this If the long focus lens used is of a standard anastigmat 
construction, as In this case the forward nodal point is not very far 
Inside the lens from the front glass. 

Rising Front and Swinging Back 

fn the case a rising front the picture seen by the camera lens, and 
reproduced ly it on the seaside plate, is obtained merely by raising the 
peroteaire frame relative to the l&ts through exactly the same height 
as the fens has been raised by the movement of the front If the lens moves 
upwards through a distance of half an Inch, then the viewpoint from 
which the Iwis sees the picture, namely the forward nodal point, 
mowss upwards through half an Inch. The perspective frame moves 
upwards with the lens through the half Inch, but does not stop there. 

It moves a further half Inch to take Into account the amount by which 
the lens axis Is offset from the centre of the plate. This Is shown on 
p. 41. Except In close-up work, where actually there is no need of a 
rising front, the effect of the movement of the nodal point Is absolutely 
negligible comf^red with the relative shift of the perspective frame. 

It Is this relative shift that brings Into the picture features that would 
otherwise be left out. This is also brought out on p. 41 . 

With a swinging back (or in exactly the same way with a swinging 
ffont) on the camera the picture thrown on the plate Is that seen by an 
eye at the forward nodal point enclosed by a perspective frame that has 
been swung ^trough an angle. That angle is equal to the angle through 
which the back has been swung, ami is In the same direction. This Is 
shown in detail on p. 41. The Images on the sensitive material are 
covered by the frame turned through thb angle. 
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Left : The use of a rhtlng 
front Implies a movement 
of the perspective frame 
relative to the lens (page 
40). 






Lower : A rotation of the 
perspective frame results 
from using a swinging back 
(page 40). 


Right : The use of either a 
rising front or swinging 
back means that unwanted 
foreground gives way to 
parts of the picture other- 
wise outside the field of 
view. 



This effect Is not so simple In the case of a swinging back as In this case 
a type of distortion Is Introduced In which lines which should be parallel 
on the plate are found to be converging towards one another. The 
effect is specially evident in the convergence of the perpendicular edges 
of buildings (p. 317). 


RISING FRONT AND SWINGING BACK 
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The Panorama Camera 


To ck>se this section reference should be made to the panorama 
camera. This type of camera, while ft Is by no means new, and not a 
particularly fashionable type of Instrument, deserves mention for the 
ingenuity of its construction and method of working. 

A good working rule for a normal lens Is to assume that the diagonal 
of the plate covered is equal to the focal length of the lens, except of 
course If the lens Is specifically stated to be Intended for cine-film or 
miniature work. With a wide-angle lens a rough figure is to take the 
diagonal as twice the focal length. In the special case where a wider 
angle is required, and especially where the picture required Is long 
and narrow, the panorama camera may be us^. The principle of It Is 
as follows ; 

It was explained fully. In the section dealing with finding the position 
of a nodal i^int, that ifa lens Is rotating about an axis through Its rear 
nodal point, then there Is no displacement of the Image of a distant 
point caused by this rotation. 

Mow consider a lens covering a small field, as shown on p. 43, and 
forming an image of an infinitefy distant, or comparatively distant, 
scene. The lens can rotate about an axis through Its rear nodal point. 

Suppose further that the sensitive film Is a strip of film wrapped 
round part of the circumference of a drum, whose centre Is at the rear 
nodal f:^nt of the lens. The radius of the drum Is equal to the equivalent 
focal length of the lens. The arrangement Is shown on p. 43. 

Owing to the small area covered by the lens in this special case there 
Is no appreciable difference between a plane and a small element of the 
drum kiting the film. A sharp Image of that part of the distant field 
covered by the lens is thus formed on the curved film. As the lens 
swings round, pivoting about Its rear nodal point, there Is no shift 
of the iiiKige of a particular element of the scene, f^r a while, as long 
as It b In die restrkted field of view of the lens, an element of the picture 
transmits light through die lens to a definite point on the film. As the 
lens swings round scwne parts of the picture go out of the field of view 
and others come In, as shown abo on p. 43. The fact that the film Is 
wrapped round a drum of the proper radius means that the image 
stays In focus throughout the course of the movement of the lens. 
Th^ b, of course, no movement of the film. 

The ungle of view of the camera depends^ not on the optical characteristics 
of the fens, hut on the angle through which it can swing about its rear nodal 
point, and the length of film that is stretched along the drum. In ail other 
cameras the angle of view is conditioned practically entirely by the 
optical characterbtla of the lens, and the field over which the lens 
will give good definidon and even Illumination. These are dealt with 
In a later chapter. 

Whlfe dik type of camera b Interesting from a theoretical point 
of view, and while it Is useful In that It helps to emphasise the Impor- 
tance of the nodal points. In actual practice at the present day it Is 
restricted to a few very highly specblised Jobs, and it would be out of 
place to give any further and nK>re detailed account of It here. 
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At the edges of the fieki of a wide-angle lens the images of cyUndrkad 
and spherical objects are unduly drawn out. A is the field covered by a 

narrow angle, B is that of a normal, and C that of a wide-angle lens. 



In the panoranra camera the \&ts covers only a small fieW. The ^m Is 
wrapped on a drum with its centre at the nodal point N2 of the lens 
and the lens pivots about thfa point. As the lens swings round differart 
parts of the field come Into vNsw. Since the film fe wiapped on a ^m, 
images of objects contained In one plane are smaller at the ends of the 
film than they should be and ims^ of horizonta! lines In an ol^ect 
plane are curved. When photographing groups of people, the m^ni- 
ficatfon between image and obj^ can be made constant th^ghout 
the field by arranging the group along the circumference of a circle 
wiK>se centre Is at the camera. 

WIDE-ANGLE LENS AND PANORAMA CAMERA 
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Angle of View 

One topic allied to the perspective furnished by a lens is 
the angle of view of the lens. 

The angle of view of the lens Is the angle between the most 
widely separated rays that can be usefully recorded on a plate, 
that go to a light patch sufpciently small and bright to be useful. 
Or looked at from another point of view, the angle of view 
is the angle between the rays that go to opposite corners of a 
plate which has a sufficiently good definition over the whole 
of its area. 

From what has been said above the logical points from 
which to draw these limiting rays are the forward and rear 
nodal points. Hence the definition of the angle of view can 
be more completely stated as this : Draw lines from the 
rear nodal point to the opposite corners of the plate used. 
The angle between these lines Is the angle of view of the lens. 

There are one or two points to notice in connection with 
this definition. In the first place the distance of the rear 
nodal point from the plate depends on the distance of the 
object on which the lens is focused and the corresponding 
shift of the lens to get a sharp focus. As a result the angle 
between the lines depends on the distance of the plate 
from the rear nodal point, and Is a maximum when the lens is 
focused on an infinitely distant object, and the plate Is at 
a minimum distance from the nodal point. Unless any special 
proviso is made it can be taken for granted that it Is this 
maximum angle that is referred to as the angle of view. 

In the second place a clear distinction must be made 
between the total angle of view just described, and what Is 
often stated, namely the semi-angle of view. This is half the 
above angle, and it Is the angle between one of the lines 
described above and the line joining the nodal point and the 
centre of the negative, f.e., the lens axis. 

Table I gives the diagonal plate covered by a lens of 1^ 
focus in ternns of the angle of view of the lens. To get the 
diagonal covered by a lens of grater focal length, 4' say, 
merely requires the multiplication of the figures given by 4. 
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DIAGONALS COVERED AND FIELDS IN DEGREES 
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The PoMons of Object and Image 

So far the positions of an objea and the corresponding 
image relative to the lens have been discussed fully only for 
one particular case. 

When the object Is at an Infinite distance in front of 
the lens, and so at an Infinite distance In front of the forward 
nodal point, the image is In the rear focal plane. In other 
words, the distance from the rear nodal point to the Image 
position is equal to the equivalent focal length of the lens. 
In fact It defines the equivalent focal length. 

There are cases of equal Importance, however, especially 
in enlarging work, where the distance of the object from 
the front of the lens is quite small. The method of finding 
the image position in these circumstances, of working out 
how It lies relative to the lens. Is the next subject to be 
tackled. 

There are two main forms which the formulae relating 
the object and Image positions can take. One is most suitable 
far dealing with such things as getting an Idea of the size 
and arrangement of a focusing scale. The other Is more of 
service when dealing with enlarging and projection problems. 

Consider form number one first. 

AH distances of the object are measured from the forward 
nodal point in the direction of the arrow as shown on page 47. 
The distance of t/ie objea from the forward nodal point is de- 
noted by u. 

In the same way the distances of the corresponding image 
positions are taken from the rear nado/ point, and are denoted 
byv. 

The equivalent focal length of the lens Is denoted by f. 
f is positive when the lens is converging, as already explained 
on page 27. 

The basic formula is — 



which can be put in two other convenient forms 
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The positions of the focal and nodal points for a typical lens are shown, 
ar^ the way in which the obfect and imafe dtonces U and V are 
mea»ired fn^ the nodaf points or pHncipai planes (p. 46). 

The distance of the ohfect U h fneastired fn>fn the forward prindpal 
pbne, and that o4 the image Y from the rear princ^ plane (jp. -46). 
The distance of the forward focal point FI from the KH-wrd nc^i p<knt 
Ni is the same as the distance of the rear focal point F2 from the rear 
nodal point N2, and is the focai kngth of the lens (p. 27). 
incidentally this diagram shows how the jx>sition of an image can be 
found by drawing two rays. The Image of the object shown at 0 is at 
right angles to the lens axis through a point / which Is to be found. From 
the end of the object through 0 two rays are drawn to meet the principal 
plane through Nl. One ray is parallel to the axis and the other goes 
through the forward focal point FI. The corresponding rays are so 
directed that they cut the principal plane through N2 at same 
heights as the rays from which they are derived cut the plane through 
NI. This fixes one point on each ray. Now consider Ae ray drawn 
pai^tei to the lens axis. The correspoiidlng ray nii«t go thrcHigh the 
rear focal point F2. Two points on this ray are now known and so the 
ray can be drawn. Slmltarfy the ray cofrespondlng to dat drawn 
through the forward focal point emerj^ parallel to the l«is axh, and 
so It can be drawn throng the point already fixed on the rear prindpl 
plane. The intersection of these two emergent rays gives the position 
of the end of the image. Note that the image is inverted. 


OBJECT AND IMAGE POSITIONS 
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V = 


U X f 


. or u 


V X f 


u - f> ~ V - f 

A concrete example or two will show how these formulas 
are to be used. 


Suppose that some work Is to be done with a lens of 4 Inches focal 
Ien|;th, and that the nominal figure of 4 inches coincides with the actual 
equivalent focal length. Unless it has been produced to lie within 
certain limits definitely specified, it is a fairly safe assumption to make 
that a lens of nominally 4 inches focal length will have an equivalent 
focal length between 3.96 and 4.04 Inches. 

The first thing to do is to locate the positions of the nodal points. 
A method has been described on p. 30 that Is mainly applicable to cases 
where the focal length has to be measured. If the focal length is known 
with sufficient accuracy, for Instance If it Is taken from the values 
engraved on the lens, or if It has been measured by one of the methods 
explained on pp. 33-35 a simpler procedure can be followed. The 
lens is focused on an object at a thousand yards or more, and the 
back focal length of the lens found. Suppose that this Is 3.25 inches. 
The lens is then turned round, stopped down If necessary to get sharp 
definition, and the back focus of the reversed lens is found. Suppose 
that this is 3.50 Inches. Then the positions of the nodal points are as 
shown on p, 47. 

If an object Is at 4 feet in front of the foremost lens surface, then 
it is 48.00 -f -50 = 4830 inches In front of the forward nodal point, 
as shown on p. 47, r.e., u = 48.50. Remembering that f « 4.00 inches, 
and using the formula — 


then 


Y 


48.50 X 4.00 194.0 . 

^ 50 4 00 = 445o~ inches, to the nearest 

.001 inch. 


The image is 4360 Inches from the rear nodal point, and so Is 4.360 
— .750 « 3.610 Inches from the rearmost surface of the lens, as shown 
on p. 47. 

Suppose that with the same lens an image is formed 3.500 inches 
from the rearmc^t surface of the lens, then It Is 3.500 + .750 ~ 4.250 
Inches from the rear nodal point, f.e., v = 4.250 Inches. Using the 
formula— 


then 


V X f 
' v — f 
4.250 X 4.00 17.00 


o == 


= 68.00 Inches. 


4 350 — 4.00 .250 

The object that gives an Image In this position is 68.00 inches in front 
of the foiwd nodal point, and so 68.00 — .50 = 5 feet 7i Inches in 
front of the forentost surface of the lens. 


Some typical examples of the use of these formulae are 
found in calculations concerning focusing scales, and 
examples of their employment In dealing with questions 

48 



arising In this work are given below. The examples are for 
the lens already discussed, whose nodal points are shown 
on p. 47, 

Focusing Travel 

1. The first type of question Is this : how long must be the 
focusing travel of a lens if It is to focus from infinity down to 
4 feet, say. The lens has an equivalent focal length of 4.00 
inches. 

When the object Is at Infinity the image Is In the rear 
focal plane, and 

V = 4.000 Inches. 

A calculation of the first type on page 48 for 48.5 Inches 
gives the image pwusition for an object at 4 feet., /.e., 
48 + .5 Inches from the forv^rd nodal point. 

Namely with u = 48.50. v = 4.360 Inches. 

The focusing travel In this case Is ,360 Inches, If the upper 
limit Is, say, 50 feet, and not Infinity the calculation Is done 
for 50 X 12 4- .5 = 600,5 Inches, and the v worked for this 
value of u. The focusing travel Is then obtained straight- 
forwardly for this upper limit of distance. 

It should be noted that In this case there Is realiy no need 
to know the position the rear nodal point. For many 
practical purpose there Is no need either to know the 
position of the forward nodal point. In the majority of lens 
constructions It is not far removed from the foremost 
surface of the lens, half an inch In the present instance. And 
there is not a very appreciable difference between 3 feet 
1 1 1 inches and 4 feet when It comes to focusing a lens, so 
no appreciable error Is made If the distance from the forward 
nodal point Is taken to be 48.00 Inches. In this particular 
case it makes a difference of .004 Inches In the lens position. 
For distances greater than 4 feet the error Is even less. 
Where pedantic accuracy Is needed the extra half inch must 
be taken into account. But where common-sense accuracy 
is enough the distance of the forward nodal point from the 
foremost lens surface can be neglected. 
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Increasing the Focusing Range 

2. The second type of question is met with when a lens is 
fitted to a camera with a restricted focusing range. Suppose 
that a 4 inch lens is fitted and the camera Is designed to give 
enough travel of the lens so that it will focus down to 6 feet. 
By fitting an adaptor the lens can be made to focus down 
to 3 feet. The question is : what must be the thickness of 
this adaptor, and what focusing range will be provided for 
by the lens travel possible with the design of camera ? 

A calculation of the type just described shows that with 
u = infinity v = 4.000 Inches. 
u = 72.50 inches, v = 4.233 inches, 
and so the lens travel provided Is .233 inches. 

With u = 36.50 Inches. v = 4.492 Inches. 


Then the thickness of the adaptor to take the lens a 
maximum distance of 4.492 Inches away from the plate is 
.492 — J33 inches = .259 inches. 

With the existing focusing travel the minimum distance 
from the plate is 4.492 — .233 = 4.259 Inches, /.e., v = 4.259 
inches. Using the formula — 

v — f 

then the corresponding object distance Is, for v = 4.259 
inches 

4.259 x 4 17-036 

= 65.8 inches to the 
nearest .1 inch. 


u = 


4,259 - 4 .259 


And so with an adaptor of this thickness the lens will focus 
from 3 feet to 65.8 — .5 = 65.3 Inches. 

A rearrangement of the above formulas gives T 

where T is the focusing travel. 

In the example on page 49, 

4x4 16 


u -f 


T- 


= .360 inches 


48.5 - 4 443 

The focusing scales on some cameras refer to distances 
measured from the focal plane. In these cases 
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where D is the distance of the object from the focal plane. 
For most practical purposes this may be simplified to 



When aliens has to focus an object inside the nearest point 
of its normal range either an adaptor can be used as Just des- 
cribed above^ or else a supplementary lens (see below) can be 
used, and in fact a supplementary lens is more common/y used. 

Supplementary Lens and Its Focusing Range 

3. Suppose for instance, that In place of an ad^or as just 
described a supplementary lens Is used to give the same 
focusing distance with the same lens. 

A supplementary lens is usually a simple thin lens and is 
fitted Immediately In front of the lens with which It is used, 
so that the distance between the nodal points of the supple- 
mentary lens can be negiect^, and so can the distance 
between these nodal points ^d the foremost lens surface. 
The arrangement of the supplementary lens Is shown on 
p. 53, but the relative distance between the supplementary 
lens and the foremost lens surface Is exaggerated. 

The camera lens in its focusing mount Is set for infinity. 
In the present case the equivalent focal length of the thin 
supplementary lens is 36 inches. With the object at 36 
Inches in front of the lens the rays that emerge from the 
supplementary lens are all parallel, as shown on p. 53, as 
if they came from an objea at infinity. These rays are picked 
up by the camera lem which is set to focus parallel rays at 
its Infinity setting, and brought to a sharp focus on the film. 

The question that then arises is : what focusing range Is 
possible with the existing lens movement, and how does It 
compare with the range just worked out above for the 
case where an adaptor is used. 

The answer to this Is interesting among other things 
in that it explains what happens when one of the formulae 
on page 48 gives a negative number. 
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The existing lens travel is enough to bring to a sharp focus 
rays coming from a point six feet in front of the foremost lens 
surface. The nearest object, that can be focused with the 
supplementary Jens, is thus one that wifi have the light rays 
it sends out bent by the supplementary lens, so that they appear 
to come from an object six feet in front of the fens in the camera. 


Call the u and v for the particular case where the lens that Is being 
dealt with Is a supplementary lens u (s) and y (s) respectively. Now, 
remembering what has just been said about the positions of the nodal 
points of the thin supplementary lens, and remembering that « and y 
arc measured as being positive quantities in the directions of the arrows 
on p- 47, then what we require Is that y (s) = —72 Inches, as shown on 
p. 53. 

When u and v are negative all that this means Is that they are on the 
opposite sides of the nodal points to their usual positions. 

If y (s) = + 72 inches the rays from the supplementary lens converge 
to a point 6 feet behind the rear nodal point of the supplementary 
lens, and so 6 feet behind the foremost lens surface. With v (s)=— 72, 
as It Is here, the rays of light from the supplementary lens seem to 
diverge from a point six feet In front of the foremost lens surface, as 
shown on p. 53. 

Putting y (s) = —72 In the formula, and remembering that f (s) 

35 Inches 


then 


u(s) - 
a (s) = 


y (0 X f(0 
r (s)-f(s) 
(—72) X 36 
(-72)-36 


—(72 X 36) (72 X 36) 

—(72 + 36) ^ (72 + 36) 


72 X 36 ^ , 

“ — — = 24 Indies 

and so with the supplementary lens In position the camera can focus 
from 3 feet down to 2 feet. 


With an adaptor to take the lens focusing down to 2 feet, 
instead of the 3 feet, for which a calculation was done above, 
the focusing range for the same lens Is from 2 feet 9J inches 
down to 2 feet, so that from the point of view of focusing 
range there is little to choose between the two methods of 
getting down to close work. As a rule it Is a simpler job to 
fit a supplementary lens in the same way that a filter is 
fitted on to the front of the lens. And In fact this is the only 
way when a between lens shutter is fitted. 

From the point of view of optical quality there is no general 
ruling to be made. Evefjthing depends on the individual lens 
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Left : The rays from a point 
are made parallel by a supple- 
mentary lens before falling 
on a camera lens focused for 
Infinity, 

Lower : Rays from a point 
nearer to the supplemen- 
tary lens than the focal point 
of this latter. They emerge 
from It diverging from a 
point In front of the lens. 
The rays can only be brought 
to a focus on the sensitive 
material If the unaided 
camera l«is can focus on this 
point from which they 
diverge 



Above ; By extending the camera beUovrs and by using a suppleiiwmcary 
lens, an object can be footed at shorter distances and ferger Inagei 
of it produced. The smallest image of an object Is fomtcd wh«j the 
camera Is fociaed for Infinity (wp). By extending the bellows the camera 
can be focused at a view|x:4nt nearer the object and a larger Image 
obtained (secwKf diagram), A still larger Image results from the use 
of a supplementary lens and a camera focused for Infinity (third dia- 
gram), and the largest possible image Is given when (bottom) the use 
of a supplementary lens and the maximum bellows extension allows 
of the closest approach to the object (p. 51). 

SUPPLEMENTARY LENSES 
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and the way m which the correction of Its aberrations is main- 
tained down to these short distances, and the comparative 
effea of new aberrations then introduced compared with those 
introduced by the supplementary lens. This wfil be clearer after 
the account of lens aberrations given In the next chapter. 
With a supplementary lens used In this vyay the f/number 
of the combination is just that of the camera lens, and this 
value Is to be used In working out exposure times. 

Enlarging and Projection Formulse 

The other fundamental lens formula Is specially of use 
when dealing with enlarging and projection problems. 

Suppose that a piaure Is being projected from a negative 
behind the lens to an enlarging board In front of the lens. 
Call the position of the negative the projection position, 
and the position of the b<»rd the enlarging position, as 
shown on p, 55. 

As before the distance of the enlarging position in front of the 
forward nodal point of the lens is u, and the distance of the 
projection position behind the rear nodal point is v. 

The piaure on the enlarging board Is exaaly that carried 
by the negative but on a larger scale. The scale of the 
enlarged piaure relative to the negative piaure Is the 
“ magnification ** of the arrangement, and Is denoted by M. 

When M = 2 then every length In the enlarged piaure 
Is twice the corresponding length on the negative. When 
M = J then every length In the projeaed piaure Is only 
half the length of the corresponding part of the negative 
piaure, and Instead of enlarging, the process for which the 
lens Is being used Is copying on a reduced scale. 

It will save time If we talk throughout of enlarging, and 
set up the convention that when M Is less than one It Is— 
strlaly speaking — reducing and not enlarging that Is meant. 

The focal length of the lens Is f. Then the fundamental 
formula are — 

■ a = (W + I) X f : V = (I +jjj) X f 
as is shown on p. 55. 
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Right : The relative 
positions of negative 
and enlarging board 
are shown when an 
A1>fold enlargement 
Is produced. The 
distance of the back 
nodal point from the 
negative Is f X 
(M+f) Aland that 
of the forward nodal 
point from the cn- 
brgement Is f X 
(M + I), where f 
Is the focal length of 
the enlarger lens 
(P. 54). 
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Abwc : With a 
given separatlofi of 
negative and en- 
largement there 
arc In general two 
lens positions 
whoj a sharp 
image Is formed on 
the enlarging 
board, In one case 
an enbrged Image, 
In the other a 
reduced Image (p. 
57). 

Left : From the 
graph the values of 
the magnification 
A1(one correspond- 
ing to enlarge- 
ment, the other to 
reduction) arc ob- 
talned when 

M +-^ 


is known. A horizontal line Is drawn, such as Ab ooiTe^>ondIng » 
that value and vertical lines drawn through the pointe where It cuts the 
curve. The positions where these cut tik horfzonta scales give t^^ 
possible values of the magnification for the 
cut the curve the set-up Is physically Impossible (p. 57). 

ENLARGING LENS SETTINGS 
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Neglecting the separation between the nodal points 
of the lens the overall length from projection to enlarging 
positions is — 

(M + ^ X f* 

In actual practice the separation between the nodal 
points has to be added on to this overall length, but In many 
cases it gives only a small correction ; on the average much 
less than .I5f. 

Two examples of the use of these formulae are given 
below— 

Maximum Enlargement 

I. Suppose that with the 4 inch lens already described, and illustrated 
on 0 . 55* the separation of the nodal points Is one inch, and that when 
the lens is used in an enlarger the way in which this latter is built means 
diat the greatest distance from the projection position to the 
«»larglng position Is 49 Inches. What Is the maximum degree of 
enlareement permitted in this enlarger? , . 

Using the fact that the length overall from projection position 
to enlarging position is 

(M+^ + 2)x* 

plus the separation of the nodal points, then 

(yvi 2) X 4.00 + I = 49 Inches 

and so (M + + 2) = 

f.e, M = 10- 

To get the value of M from this formula means solving a quadratic 
equation or finding It from the graph drawn on p. 55. The second 
is much the simpler as a rule for the range covered by the graph, 
i.e., up to M = 10. . , , r 

Values of M are measured off from left to right, and the values of 

^+Ar 

corresponding to these are measured vertically. To get the 
correct value of M all that is needed is to draw a line at the correct 
height, in this case 10 units above the base line OX to cut the graph. 
This it does in two points marked A and B on p. 55. Draw lines from 
A and B, namely AC and BD parallel to the side line OY to cut the 
base line OX in C and D. The positions of C and D give the possible 
values of M. 

For every set up, with a given distance between projection and 
enlarging positions, there are two iens positions when the two positions 
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are mutually In focus, corresponding to enlarging and reducing, as shown 
on p. 55. Corresponding to this there are the two values of M found 
as described above, one greater than one, and the other less than one, 
representing enlarging and reducing respectively. 

When it happens that M= I the two magnifications given by the above 
procedure are the same and the lens has only one position. It Is then 
giving a I : I enlargement or reduction. When the line drawn 
parallel to the base line falls to cut the curve as shown by the line LM, 
then the physical set up Is Impossible. The projection and enlarging 
positions are too near together to be able to focus with the lens of the 
given focus. 

In the case drawn on p. 55, the values of M are 9.899 and .101, and 
the maximum enlargement possible with the arrangement provided is 
near enough 9.9, or for all practical Intents and purposes the nwignlfka- 
tlon Is 10 times. Using the formula 

a =» (A1+ 1) y f and (I +^) x f 
then sufficiently near for all practical purposes In this case, 

u = (10 + I) X f = 44 Inches v = |q) X f = 4.4 Inches, 

and using the data about the nodal points of this lens, already given on 
p. 47, the exact enlarger arrangement follows immediately. 

The main use of the graph is in determining enlarger arrangements 
for small degrees of enlargement. An approximate formula can be 
arrived at in this way : 

Take the distance from the negative to the enlarging board and sub- 
tract from this the separation of the nodes In the km. (A rough figure 
for this separation Is . 15 of the focal length of the lens^ Call this the 
“ effective distance.’* Then the formula k 

Degree of Enlargement —(Effective dktancc)— (Focal kngdi) less 2. 

2. Thus if the effective distance is 48 inches, and the focal length 4 
inches,thenthedegreeofenlargement — 48—4— 2— 12 — 2= 10. 

This formula gives an error of 1% in the value of the magnification 
when this is 10 or thereabouts, of 4% when the magnification is 5. 
and of 10% when the magnification is 3.2. 

It Is rarely, if ever, necessary to get the magnification corr«:t to 
within less than 1%, and so for values of M greater than 10 the approxi- 
mate formufe just given can be used. The value of M so obtain^ can 
be used immediately In the determination of u and v by the formuhe 
given, the error In u Is negligible, that In v Is less than 1% when the 
enlargement is more than 10 fold- 


Focal Length of Projection Lens 

Another example of the use of these formulae Is In 
answering a question often asked by miniature camera 
workers : some 35 mm. slides are to be projected In a 
miniature projector to give a picture 3 feet X feet- 
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The length of the room in which the demonstration Is to 
take place Is 15 feet. What focal length of lens Is needed to 
give the required size of projection? 

The pedantic way Is to proceed exactly as was done for an enlarging 
problem above, except that in this case M is known and f has to be 
worked out. But for prartical purposes it Is quite accurate enough to 
proceed on slightly more simple lines. Call the distance of the front 
of the lens from the projection screen u. Actually, of course, u Is the 
distance of the screen from the forward nodal point, but the error 
introduced In the calculation by measuring it from the front of the lens 
Is negligible as a rule. 

Then use the formula 

u = (A1+l)xf. 

In the case quoted the magnification required is (54 x 2.54) 4- 3.6, 
since the longer side of the projected picture is to be 54 inches, /.e. 
54 X 2.54 cms; and the longer side of the picture frame of the mini- 
ature slide is 3.6 cms. The magnification m works out to be Ai = 38.1, 
and M 4- I = 39.1. It can safely be assumed that with a room 15 feet 
long the maximum distance of the screen from the front of the lens 
will be 13 feet, /.e., 156 inches. Then — 

156 ~ 39.1 X f and f = 4.00 inches to the nearest .01 inch. 

A 4 Inch lens In the case quoted will just give the size of 
picture required, and as It happens this Is about the minimum 
focal length of simple projealon lens that will handle this 
size of slide. If a shorter focal length Is needed to cover a 
miniature slide, then a lens of anastigmat rather than true 
projealon form, must be used. This Is dealt with more 
espedall)^ on page 144. 

Tlie final formula needs only brief mention. It serves to 
relate the two dasses of formulae used, viz. : 



and u = (M + I) X f, v = (I +^) x f 
already used and described. It Is 

M = u ~ V- 

In this case the objea distance u is the distance of the 
screen, and the image distance Is taken as the distance of 
the slice, both measured from the lens, since the screen 
is “ In front,” and the slide “ behind ” it. 
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Definition In Depth 

When dealing with lenses from the point of view of the 
previous section, that Is to say from the point of view of 
the position of an object and the position and size of its 
related Image, the only concern Is with the plane where an 
absolutely perfectly sharp Image is formed. 

No fault can be found with such an Image no matter how 
high a standard is set. And when a reasonably high standard 
of reproduction is required no fault can be found with the 
images given by objects slightly near and farther than the 
objea in sharp focus. The Images produced are slightly 
out of focus, and they fail when judged by the criterion of 
absolute perfection, but by a reasonably high and critical 
standard they are of acceptable sharpness and quality. 

This general fact, that Images produced by a lens may be 
of acceptable crispness even when they are slightly out of focus, 
is referred to as the** depth of focus or “ depth of ffeW.” 

In optical terminology the term depth of focus roeap the total allow- 
able variation of the sensitive surface from the p^rtim^ of best took 
within which the image is tolerably sharp by a given standard. DeM 
Afield means the difference betwe^ the ob|ect dismees correspono- 
ing to these limits of shari>n«ss In a given image pfenc. In the common 
prance of photographers, the term depth of foots k sometimes used 
with both meanings interchangeably. 

Criterion of Crispness 

The first step in getting a quantitative estimate of the 
depth of field of a lens is to arrive at some conclusion about 
the size of a light patch that >vill give sufficiently good 
definition, assuming that the light patch Is circular, I.e., 
that it is the so called circle or disc of confusion. 

The criterion generally accepted Is that a circle of light 
one hundredth of an Inch In diameter, viewed from a distance 
often Inches, which is the average value of the closest distance 
down to which the adult eye can focus. Is not distinguishable 

from a point. .... 

Suppose that a lens of 4 inches focal length is being 
used and is focused on infinity, light from a point on the 
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fens axis at a nearer point is brought to a focus at a point 
farther away from the lens, and the rays coming from the 
lens thus form a circular light patch, as shown on p. 61, of 
diameter D inches. 

It has already been explained, in the section dealing 
specially with perspective, that the lens views the scene 
from the forward nodal point, and sees it framed in an area 
the size and shape of the sensitive film or plate held at 
a distance of 4 inches from the forward nodal point. This is 
the impression recorded on the negative. 

To see things as the lens sees them, and as an eye placed 
in the position of the lens would see them, means that the 
print should be viewed from a distonce of 4 inches. The eye 
cannot focus down to this distance, without artificial aid 
such as the use of a magnifying glass (which Incidentally 
acts for the eye in the same way that a supplementary lens 
acts for a camera lens, bringing Its focusing range down to a 
new low value). To get the correct perspective either a 
magnifying glass must be used, or the print must be enlarged 
In the ratio of 10 -r 4, he., times and the enlargement 
viewed at a distance of ten inches, the closest distance to 
which the normal eye can focus. (Wrong perspective effects 
may become particularly noticeable with telephoto lenses — 
see p. 196.) 

In any case the result is the same, the disc of light of 
diameter D from an out-of-focus point is enlarged two and a 
halftimes to a diameter of 2.5 X D Inches. Since the diameter 
cff the disc is now to be .01 inch so that when viewed 
from a distance of ten inches It will be sufficiently small to 
seem a point, then 

2i X D = .01, /.e.,'— A= .01 inch. 

That Is to say, when a lens of 4 Inches focus Is used the 
diameter of the out-of-focus disc must not exceed .004 
Inch. 

The same line <f argument shows that when a lens Is used 
wlwse focus Is f Inches, the diameter of the disc on the plate 
must not exceed 
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Above: The rays from the nearer point give a dbc of light becaiiM they 
have not yet come to the focus when they meet the plate or film. 
Those from the ferther point have passed through a focus already. 
When the point P Is focused on the plate or film rays from the near- 
est limit of the depth of field R give a disc of specified diameter D, 
— ^that for practical purposes Is accepted as sharp — and the same 
holds for the rays from the farthest limit T (p. 59). 


DEPTH OF HELD 
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X .Oi Inches, /.e„ f x .001 Inches. 

This is for the case when the lens is focused for infinity, and 
the distance of the plate from the back nodal point is equal 
to the focal length. When the lens is focused for any other 
distance the reasoning is exactly the same, but the formula for 
the allowable diameter of the disc is now 

X .01 Inches, /.e., d x .001 Inches, 
where d is the distance of the plate from the rear nodal point. 


flNumbers 

Before finding what lens posltlon^wllhglve a disc of light 
of this size It Is essential to specify what diameter of light 
beam Is used to produce the Image. This is best done by 
using the f/number of the lens. 

In any aaual lens the amount of light that goes through 
is limited by the edges of the lens and the metal work of 
the mount. The amount of light getting through depends on 
the actual path that the light takes inside the lens, and this 
depends In turn on the position of the object point 
from which it comes. When the object point Is away from 
the lens axis the calculation of the amount of light going 
through is apt to be complicated. As a result the only 
straightforward way is to deal with the light passing power 
of a lens when the light is a parallel beam coming from a 
point at infinity on the lens axis. The amount passed through 
when the objea point is nearer the lens, and still on the 
axis, is slightly less than the amount passed through by the 
lens when the^object point is at Infinity, but in dealing with 
depth of field^this difference can be negleaed. 

When the light arriving at a lens is a parallel beam from 
a point at infinity the path of the largest diameter beam that 
gets through the stop is shown on p. 6 1 . The beam goes into 
the lens aiming at the points A and B on the first principal 
plane (this Is defined on page 26), and comes out of the 
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lens aiming away from the points C and D on the rear 
principal plane, as shown on p. 61. 

The diameter of the parallel beam Is B inches, the focal 
length of the lens is f inches. Then the f/number of the lens is 
f ^ B. Thus If the lens Is of 4 Inches focus, and the diameter 
half an Inch, then the lens Is working at f 4 -r i = fB« 


fjNumbers for Close-ups 

The f/number of a lens measures its light-passing power. 
The smaller the f/number the greater the quantity of 
light concentrated in the Image by the lens ; an f 2 lens 
concentrates 4 times as much as an f4 lens, and twice as much 
as an f 2.8 lens. Hence, the smaller the f/number the shorter 
the exposure needed In any given set of lighting conditions. 

The rule Is : If we have two lenses, one working at f/n 
and the other at f/m, then the first concentrates (m n)® 
times as much light as the second. For Instance if the first 
lens works at f 5.6, /.e., n = 5.6, and the second works at 
f 4, /.e., m = 4, then m n = 4 ~ 5.6 == .71 (approximately), 
and (m -r n)® = .71® = 5 approximately. The first Icms 
passes through only half as much light as the second. 

The aperture of a lens is controlled by the way in which 
the leaves of an iris diaphragm open and close as a ring on 
the lens mount is turned, so allowing more or less light to 
get through. The calibrations of the ring are arranged so 
that in passing from one figure to the next the amount of 
light passed by the lens Is halved. From f 2 to f 2.8 the light 
is halved ; similarly from f 2.8 to f 4 it is halved again. 

This holds as long as the object to be photographed Is at 
a distance from the lens more than about 10 tim^ the focal 
length of the lens used. When the object is at a distance of 
S times the focal length of the lens the effective stop value or 
f/number is not that engraved on the lens mount, but is equal 
to this multiplied by S (S — I ). Thus if a lens is used for 
copying work or dose ups where S == 3, and the iris aper- 
ture is set at f 4, It is effectively working at f 4 X (3^2) 
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1 1.— HYPER FOCAL DISTANCES (IN FEET AND INCHES) 
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12' 300 mm. ... 400-0 333-3 285-9 250-0 222-3 178-6 160-0 125- 0 90-t0 62-6 45-5 31-3 22-9 

15' 375 mm. ... 416-9 357-0 312-6 278-0 223-0 200-0 156-3 U3-6 78-li 56-9 39-1 28-4 

[S' 450 mm. ... SOO-0 428-9 375-0 333-6 268-0 240-0 187-6 136-6 93-9 68-3 46-11 34-2 

500 mm. 555 -^ 476^3 417-0 37M 2904) 266-6 208-6 151-6 104-3 75^^9 5^^2 3^ 



/.e., at f 6 and allowance has to be made for this In working 
out exposure times. 

Effective f/numbers when a lens Is used with supplemen- 
tary lenses are discussed on pages 52 and 190. 

There is no need to use this correction to the f/number 
in working out depths of field, as it is not applicable there. 
The f/number engraved on the lens mount is accurate for 
depth of field calculations. The relevant quantity is the 
diameter of the beam of light as It is expressed by the 
f/number on the mount. 

The word transmission was used freely in earlier editions in this 
section, it Is now restricted to the specialist meaning on p. 288. 

Calculation of Depth of Field 

The points A, 6, and C, D, are taken as limiting the areas 
on the principal planes at which light rays may aim, when they 
come from points on the axis and go into the lens, and from 
which they aim as they come to a focus. This Is shown on 
p. 61. P is a [X)int on the lens axis whose image is the point 
Q. The extreme rays that the lens transmits are shown by 
the rays joining P with A and B, and Q with C and D. The 
plate or film Is at right angles to the lens axis through the 
point Q. 

The point R has Its image at S. The extreme rays from R 
that go through the lens are shown on p. 61. They form a 
disc of the correct size on the plate at Q, according to the 
formula given on page 60, /.e., .004 Inch for a 4 inch lens. 

In the same way the point T has its Image at W, and the 
extreme rays again are shown. And again the disc is of the 
correct size according to the formula of page 60. 

The points R and T set the limits within which objects are 
sufficiently sharply defined. They measure off the depth of 
field of the lens, when the lens is focused on the point P. 

To calculate the positions of these limits of the depth of 
field, in view of the principles already laid down in this 
section, is purely a question of manipulating mathematical 
symbols. And it results from this manipulation that the 
limits of the depth of focus are best calculated in two stages. 
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Hy(>erfocal Distance'^: The first stage Is to calculate the 
“ hyperfocal distance ** of the lens, call it H. 

The formula for H (measured from the lens node) Is 

H = f + ^ - Inches, 

where f Is the focal length of the lens In Inches, and N Is the 
f/number of the lens. For most practical purposes this may 
be simplified to— 

H = is Inches. 

N 

Thus for a 2 Inch f 3 lens, H = (2 x 1000) ~ 3 = .667 
Inches. 

The hyperfocal distance has this property — if a lens Is 
focused on the hyperfocal distance then all points are within 
the range covered by the depth of field, from infinity down 
to half the hyperfocal distance. In the above case. If the lens 
Is focused on 55 feet 7 Inches, then the depth of field means 
that all objects are reproduced sufficiently sharply from 
Infinity down to half of 55 feet 7 Ins. /.e., 27 feet ins. 

The hyperfocal distance Is not something definite for a 
lens alone. It Is definite only for a lens at a particular 
“ aperture,” and changes as the lens Is stopped down. The 
more the lens aperture Is reduced the shorter Is the hyper- 
focal distance. It must be worked out separately for each 
lens aperture. 


Nearest and farthest Limits of Depth : The second stage Is 
to calculate the depth of field when the lens is focused on a 
point at a distance u from the forward nodal point. Actually 
It is sufficiently close to measure u from the front of the lens, 
and In what follows It will be assumed that u Is the distance 
of the point from the front of the lens. 


The formulae for the nearest and farthest limits of the depth 


of field are— 

Nearest limit 


fa(f + CN) 
P -f uCN 


Farthest limit = 

P — uCN 
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where u is the distance from the lens node to object, C the 
diameter of the disc of confusion, and N the f/number 
The following simplified formulae may be used without 
serious loss of accuracy for most practical purposes — 

Nearest limit == — — 

H + u 


Farthest limit 


H X u 
H—u 


When the denominator in any of the above formulae for 
the farthest limit is zero or negative, the farthest limit Is 
infinity. 

For object distances less than 10 times the focal length the 
following formula is preferable — 

Total depth (far to near) = 

where M is the scale of reproduction (object size to image 
size, this is less than unity when the Image Is smaller than 
the object). 

This illustrates the fact that, for a given particular size of 
the disc of confusion, depth is only dependent on magnifica- 
tion between object and image and on relative aperture. 
This fact is not immediately apparent from the tables on 
pages 78-93 since these assume a variable size of disc equal to 

r/iooo. 


As an example of the use of these formulae suppose that with the lens 
In use the hyperfocal distance Is 667 Inches, as In the case described 
above, and that the lens is focused on a dlsunce of 15 feet, /.e., 180 
inches. The formulae then gives for the depth of field limits 


Nearest 


limit = 


667 X 180 
667 + 180“ 


667 X 180 

^ — “ =* 141.5 Indies to the 
nearest half Inch. 


Farthest limit =* 


667 X 180 
667 — 180 “ 


667 X 180 
487 


2443 indies to the 
nearest half inch. 


To get a complete depth of field chart for the lens these 
two stages have to be gone through for every lens stop and 
for every focusing distance. Tables for a number of popular 
lenses are given on pages 64, 78-93. 
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There is one po^nt to mention : in some cases a lens when set for 
infinity actually focuses on the hyperfocal distance of the largest aperture 
of the lens. While this results in a gain in the depth of field when the 
lens is focused on this distance — ^the depth of field now extends from 
half the hyperfocal distance to infinity whereas when the lens is focused 
on infinity the depth of field extends only from the hyperfocal distance 
to infinity— something in sharpness of definition is lost when it is 
required to photograph an object beyond the hyperfocal distance. 
It will be assumed that the lens is focused on infinity when it is set for 
Infinity, throughout this book. 

111.— HYPERFOCAL DISTANCES FOR A 2 INCH LENS 


Aperture. 

Hyperfocd Distance H. 

f2 

1000 inches 

f2.8 

700 „ 

f4 

500 „ 

fS.6 

350 „ 

fs 

250 „ 

fll 

175 „ 


Table III gives the hyperfocal distances for a 2 inch lens at various 
apertures ; Table IV gives the nearest and farthest limits of 
depth of field for these distances. 


IV.— LIMITS OF DEPTH OF FIELD 


Focused 

Distance. 



Limiting Distances of Depth of Field. 

H = loocr , 

H = 700" H = 500* 

H = 350^ H = 250' H = 175' 

4ft. 

3ft. nim. 
4ft.2|lns. 

3ft. 

4ft. 

9 Ins. 3ft.8ins. 
3ilns. 4ft. 51ns. 

3ft. 6 Ins. 3ft. 4Jln5. 3ft. 2 ins. 
4fi. 7ilns. 4ft. Il|ins. 5ft. 6 ins. 

7ft. 

7fc.7llns. 

6ft. 3 ins. 6ft. 01 ns. 
7ft. llilrts. 8ft. Sins. 

5ft. Jilns. 5ft. 3 ins. 4ft. 9 Ins. 
9ft. 2iln5. lOft. 8 Ins, 13ft. S^i ns. 

lOft. 

8fc. liins. 

1 Ift. 4Ins. 

8ft. 

12ft. 

6|^ins. 8ft. iln. 

1 in. 13ft. 2ins. 

7ft. SJins. 6ft. 9 ins, 5ft. liins. 
15ft. 2llns. iWt. 3 Ins. 31ft. lOlns. 

I5ft. 

i2ft.8ilns. 

I8fc.3|ins. 

lift. 

20ft. 

1 1 Ins. 1 Ift. OIns. 

2 Ins. 23ft. Sins. 

9ft. II ins. 8ft. Silns. 7ft.4Jlns. 
30ft. logins. 53ft. 7 Ins. Infinity. 

25fc. 

19ft. 3 ins. 
35ft. 9 Ins. 

17ft. 

43ft. 

6 Ins. I5ft.7ilns. I3ft. SJIns. I Ift. 4ilns. 9ft.2i!ns. 
9 ins. 62ft. 6 Ins. l7Sft. 0 ins. Infinity. Infinity. 

infinity. 

83ft. 4 Ins. 
Infinity. 

5Wt. 4 Ins. 41ft. 8 Ins. 
infinity. Infinity. 

29ft. 2 Ins. 20ft. lOins. 14ft. 7 Ins. 
Infinity. Infinity. Infinity. 


Depth of Focus 

There is one subjett closely allied to depth of field, 
namely the question of how far the plate or film can move 
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from the position of exact focus, and yet reproduce a 
sufficiently good quality image of the object on which the 
lens is supposed to focus. This is the depth of focus. 

A formula can be worked out on the lines used in laying 
down the principles governing depth of field, and one that 
is accurate to within about 15 per cent is as follows — 
the permissible shift of the plate == f 2 -f- H 
where f is the equivalent focus of the lens, and H the hyper- 
focal distance. 

Alcernatively the permissible shift can be obtained from 
the formula — 

fermtelbfe shift - 

where C is the diameter of the disc of confusion, v the 
conjugate distance lens to Image. For very distant objects 
Y Is practically equal to f so that permissible shift is 
C (f/number). 

Thus, in the case worked out above, where h = 667 
inches and f = 2 inches, the permissible displacement (/.e., 
depth of focus) fe 2* -f- 667 = 4 667 » .006 inch. 

It Is worth noting that the formulae just given provide an 
indication of how closely a lens must be set on its nominal 
focusing position so that the subject thought to be in focus 
will provide an image of acceptable quality. 

An Alternative Criterion of Sharpness 

And finally, although the question of depth of field 
has been treated from the point of view of arriving at the 
diameter of the disc on the plate, when seen at the least 
distance of clear vision, and enlarged up to give the correct 
perspective at this distance, there is another way looking 
at the matter. In this cose rm attention is paid to enlarging 
but attention is concentrated on the actual size of the disc on 
the plate. This results in attributing to the lens a spectacular 
standard of performance. For instance with the 2 Inch focus 
lens commonly used In miniature work, the diameter of the 
disc on the plate, or circle of confusion as It is often called, is 
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The extent of the depth of field obtainable grows with the distance 
focused at and with the f number used, and diminishes with Increasing 
focal length. 

The first three drawings show the use of the same lens at the same stop, 
with the point focused at moved further and further away from the 
camera. The heavily shaded areas indicate the growing depth of field ; 
ft grows from left to right 

The hst two drawings right show the same lens still In use, focused at 
the same point as the drawing In the centre, but stopped down grad- 
ually, say, to 9 and 12.5, assuming that the original stop used (in the 
first three drawings) was 33. The extensive growth of the depth of 
field is obvious. 


DEPTH OF HELD IN PRACTICE 
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Using the same focusing distance as In the last three drawings and the 
same stop as In the very last (p. 70), while working with lenses of a focal 
length fifty, one hundred and two hundred per cent longer than the 
lens exemplified in the first five drawings, the depth of field will rapidly 
diminish as shown In the first three drawings of this page. 

Right (two diagrams) : By iilumlnatlng the region of the depth of 
field with a particular lens setting and photographing ft, then changing 
the lens focus with a supplementary lens so that the new region c5 
depth of field Joins on to the former. Illuminating and photographing 
this, the depth of field can be Increased without we ne^ for stopping 
down the lens. Automatic application of this method for cine-work 
Is the subject of a recent AmerJan patent (p. 75). 

DEPTH OF FIELD IN PRACTICE 
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taken to be .002 Inch. The limit of sharp definition Is taken 
to be reached when the disc of confusion reaches one five- 
hundredth of an inch. This, of course, Is just the diameter 
of the disc demanded from the treatment given earlier. 
When a diameter of .002 inch Is required with a lens of 
4 Inches the standard Is higher than that demanded earlier. 

The special use of concentrating attention on the actual size 
of the disc is when dealing with short focus lenses, when the 
diameter of the disc becomes comparable with the size of the 
grain In the negative. The actual size of the grain depends 
of course on the negative material and no general ruling 
can be given. The best thing Is to work out the depth of 
field In a general formula, calling the diameter of the disc 
of confusion C when measured In thousandths of an inch. 

The method of working out the depth of field Is exactly 
the same as before except that a new hyperfocal distance 
H (new) Is worked out and used where H was used before. 
The formula for H (new) Is 

, 1000 X p, , 

H (new) =— jj-L. Inches, 

C* X iV 

where f Is the equivalent focal length of the lens, N Is the 
f/number of the lens stop used, and C Is the number of 
thousandths of an Inch In the diameter of the disc of con- 
fusion on the plate. 

For Instance with a 15 mm. f 2.5 iens such as Is sometimes mounted 
on 15 mm. cameras, assuming that the graininess of the film means that 
It is of no use considering that the image on the negative is smaller than 
•001 Inch, i.e., fixing the diameter of the disc of confusion at .001 inch, 
then c = I and the formula for H (new) Is 

H(new) = X ~ *"^hes to the nearest Inch. 

The factor 15 -i- 25.4 Is needed to measure the equivalent focal length 
in inches. 

Therefore with this standard of definition which has been assumed to 
be dictated by the graininess of the film, all objects are equally sharp 
from 70 inches to infinity, and as this Is a useful working range for the 
camera it is feasible to fit a lens straight away to the camera, without 
a focusing mount. 

Once the H (new) Is calculated everything goes ahead as 
before. 
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For miniature work there is rarely, if ever, any need 
to take a disc of confusion of less than .002 inch In diameter, 
or at the most .0015 Inch. For 35 and 16 mm. cine work the 
same standard will suffice with an upper limit of .001 inch. 
For 9^ mm. film it Is sufficient to take a diameter of .001 
inch. Excepting these special cases the calculation of a depth 
of field chart is best carried out using the earlier form, with 
H not H (new). And even for miniature work there Is a lot 
to be said for using the earlier procedure rather than basing 
results on a fixed size of .002 inch for the disc of confusion; 
although it Is largely a matter of Individual taste. 

Some still further aspects of depth of field are dealt with 
on pages 129-133 and 260-264. 

Comparative Depths of Field 

The question often arises : A scene is to be photo- 
graphed in such a way that the depth of field is to be a 
maximum. Is it better to use a long focus lens and make a 
contact print, or to use a short focus lens and make an 
enlargement ? 

The answer is in favour of the short focus kns^ 

Take a concrete example. The given scene is photo- 
graphed with an 8 Inch lens and with a 2 inch lens, both 
working at the same aperture, say f4, and both at 10 feet 
from some feature of the scene to be recorded. Since they 
are both working at the same f/number the same exposure 
is needed In each case. The negative obtained with the 8 
inch lens is used to make a contact print. A four-fold enlarge- 
ment Is given to the negative produced by the 2 indi lens. 
Which will have the greatest region of the scene sharp ? 

The hyperfocal distance H (I) for the 8 Inch lens Is (8 x 
1000) -E- 4 — 2000 inches’* (cf. fage 66). 

The nearest distance Inj^focus when the lens is focused on 

1 0 feet, 120 inches, is ^ j jO ” HSilnches. 

The ferthest distance Is 2000 x 120 (2000 — 120), i.e., 

127.7 inches. 
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The hyperfocal distance for the 2 inch lens Is 500 Inches, 
and In the same way the nearest distance is 96.8 Inches, and 
the farthest distance 157.9 Inches. 

The range with the 8 Inch lens Is 14.5 Inches, and with the 
2 Inch lens 61.1 inches, /.e., just over 4 times as great. 

A rough rule is that the range at the same ff number is doubled 
if the focal length is halved, and so on. 

The condition that the contaa print and the enlargement 
should have the same standard of definition Is taken care of 
by the method of calculating the hyperfocal distance, as 
dealt with on page 66. 

Production of Depth by Lens Movement 

A topic which is related on the one hand to the possibility 
of increasing the depth of field of the lens, and on the other 
hand to the production of a soft focus effect (page 178) which 
Is demanded by some classes of photography. Is the effect of 
moving the lens or adding a supplementary lens while the 
exposure is being made. 

Neglecting all lens aberrations, as has been done con- 
sistently throughout this chapter, in any setting of the lens 
points of light in a certain plane In front of the lens give 
bright point images on the sensitive plate or film. Points of 
light In other planes give discs of light on the film or plate. 
These are not so bright as the exaaly focused points of light, 
since the light is spread over the area of the disc instead of 
being concentrated at its centre. Up to a certain limiting 
size it is not easy, except on close inspection, to see that the 
discs are not points, and within these limits subjects to be 
photographed are reasonably well defined. Outside these 
limits the subject is out of focus, and each point of light is 
reproduced as a more or less tenuous disc. 

Now suppose that the lens position is shifted so that a 
point of light which previously gave a disc of light is brought 
into focus on the plate or film. What is then recorded on the 
sensitised surface Is a bright point of light together with a 
fainter disc surrounding it. This is apprehended by the eye 
as being more In the nature of a point than the out of focus 
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disc of light, and the definition seems sharper, as far as those 
elements of the picture are concerned which were previously 
out of focus. Those parts which were sharply In focus before 
are now softened somewhat, as they are out of focus, while 
other elements are sharply focused. 

The net result is that the definition is somewhat softened 
overalh but the definition is more even throughout the picture. 

Alternatively the focus of the lens can be changed to vary- 
ing values with the aid of supplementary lenses, and a series 
of exposures made. 

This Idea of changing the focus of a lens Is not new, but 
It Is difficult to carry out unless a comparatively long ex- 
posure Is being made, say of an indoor scene. An ingenious 
patent of Bausch and Lamb describes a lens in which the 
focal length is changed by the movement of one of the 
component glasses In a lens at the rate of more than 20.CX)0 
times a second. This lens Is meant for work in cine studios. 

Another American patent deals with quite an Interesting 
modification of the method with the aim of obtaining depth 
of field without overall sdtening of the definition. In essen- 
tials It means that the lens Is focused on part of the scene, and 
only idiot part is illuminated which falls within the depth of 
field of the lens, so that Its Image Is In suffidentfy sharp focus 
on the film. The lens focus Is then changed or a supple- 
mentary lens used so that the part of the scene now In focus 
begins where the earlier part finished, and this Is Illuminated 
and photographed. The lighting and lens change are syn- 
chronised so that the operation is automatic. 

To make ft clearer how this last method works comider a concrete 
example : with a 2 Inch f 2.5 lens the hyperfocal distance is 8CX5 Inches. 
If it Is focused on 140 inches the range inside the depth of field extends 
from 120 inches to 185 Inches : this part of the scene Is illuminated and 
photographed. A supplementary lens Is then put in position so that 
the lm$ focuses on 240 inches. The range now photographed extends 
from 185 Inches to 343 inches. Finally the lem is fociKcd by means of a 
supplementary lens on a distance of 600 inches, and the range photo- 

f raphed extends from 343 inches to 200 feet. In this way the region from 
0 feet to 200 feet Is covered sharply. In normal circumstances this 
would need a lens stopped dovm to f9, and so passing only one- 
thirteenth of the light passed by the f 2.5 lens. 
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Depth of Field Tables 

Depth of field tables are given In the following pages for a number 
of popular focal lengths, lens apertures, and focusing distances. These 
are calculated on the basis of a circle of confusion of .001'*^ per Inch of 
focal length, I.e. with a circle of .005^ diameter for a 5"^ lens. 

The range of availability of these tables can be extended by bearing 
In mind the following facts. 

Suppose in the first place that the lens aperture is not among those 
listed. This is most likely to happen in the region of f 3 and faster. At 
small apertures and high f numbers these latter are fairly well stan- 
dardised, except for an occasional variation such as f 7.7 in place of f B 
or f33 in place of f32, deviations which are quite negligible. But at 
the other end of the scale there are lenses listed of apertures f 1.3, 
f 1.4, fl.9, f 2.7, f 2.8, etc. Consider the specific case of a 4"^ f2.7 lens. 
The lenses given in the tables are fZS and f 3. If the depth of field for a 
4*fZS lens is taken this corresponds to the use of a circle of confusion 
not .004^^ diameter for a 4"' lens, but to a diameter of .004"' x (2.5/2.7) 
or a difference in diameter of 7J%, On the other hand if the depth 
of field listed for a 4"' f3 lens is taken as being applicable to a 4"'f2.7 
lens, this amounts to assuming a circle of confusion of .004"’ x (3.0/2.7) 
or a difference of 1 1%, Taking the f 2.5 figures as being applicable to an 
fZ7lens means that a standard of definition higher by 7|% is adopted. 
Taking the f 3 figures means that the definition is 1 1% below the standard 
value of .001"' per inch of focal length. 

Since the fall off in definition is taken to be uniform from the position 
of sharp focus, and not a slow fail off up to the limits of the depth of 
field followed by a catastrophic degeneration, there is a considerable 
arbitrary element in fixing the limits of the depth of field. They have 
been worked out on the assumption of a disc of confusion of .001" 
for each inch of focal length, and serve very well as a guide in fixing the 
region where the definition Is up to standard. But it is to be remem- 
bered that they are a guide only, and that limits worked out with a 
disc of confusion 10-15% larger or smaller would not yield very different 
pictorial results. 

For all practical purposes a deviation of 10% -1 5% in the 'diameter of the 
disc of confusion is negligible. Hence the figures for jf 2.5 or f 3 ore applicable 
to an fUj or fZB lens, and the f 3 figures to an fZ9 or f 3,1 lens. The 
same thing holds for other unlisted apertures. 

In the next place the lens focus may not be listed. Suppose for exam- 
ple that the lens to be used is a 4|' f 4.5. If the figures for a 4i" f 4.5 
are assumed to be applicable this amounts to taking a disc of confusion 
smaller than the standard by (4i/4i) I.e. by 6%. Taking the 4" f4.5 
figures as applicable toa4|"'f4.5 means assuming a disc of confusion 
greater than the standard by (4^/4}) i.e. by 6%. Again these discrepancies 
are negligible in practical work, and the same holds for other unlisted foci 
which can be dealt with in this way. 

When both fcxrus and aperture are unlisted the situation is not essen- 
tially more complicated. Suppose for Instance that the lens is a 3^"' 
f 2.8. Taking the f 3 figures means assuming a disc that is larger by 
(3/2,8) i.e. by 7%. Taking the 31' figures means assuming a disc smaller 

(3J/3|) I.e. by 7%. Hence the figures for a 34" f 3 are applicable to a 
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3 2.8 with no appreciable error. The 3' figures mean a disc larger by 

(3.25/3) f.e. by 8*:*o. and the f 2.5 figures a disc smaller by (2,5;2.8) J.e. 
by II %, and hence the use of the S'" f 2.5 figures for a 31' f 2.8 lens 
means that a disc of confusion is adopted that Is smaller than the stan- 
dard by 3%, a negligible difference. The rule in these cases is that both 
the f numbers and the focus must move together in the same direction, 
e.g. 3J^' and f 2.8 to 3]' and f 3, or 3|' and f 2.8 to 3' and f 2.5. 

The tables have been calculated on the basis of a circle of confusion of 
.001' for each inch of focal length as this is probably the best value for 
all round use. Other values that are used are diameters two-thirds and 
one-half of this diameter for the disc of confusion. These can be dealt 
with by taking the f number of the lens and multiplying it by 
two-thirds and a half respectively to get an equivalM f number, 
and then dealing with the lens solely on the basis of this eijulvalent 
f number. For instance suppose that a lens in use is a 2' f 3 and that 
the depth of field is to be calculated on the basis of a disc haif the stan- 
dard diameter, i.e. .0005' per inch of focal length, then the depth of 
field limits are those given for a lens of f I.S aperture and 2' focus. 
Alternatively the same circumstances can be d«ilt with by multiplying 
the focal length of the lens by l| and 2 respectively, keeping the 
f number the same. Thus In the example quoted the limits of the depth 
of field are those listed for a 4' f 3 lens. 

An Instance of the case where this last type of procedure is re- 
quired is that of a telephoto lens. Suppose that we have a 2 x 6' f 4.5 
telephoto, then the limits of the depth of field are found In the 6' 
f 2.25 tables, i.e. suffkiently closely in the 6' f 2.5 or 6' f 2 tables. A 
similar procedure has to be followed for other foci and apertures. 

The case where the focusing distance is not listed is not quite so 
easy to handle. Suppose that a 4' f 4.5 lerK is focused on 22 feet. The 
limits for a focusing distance of 20 feet are 1 5-9 aiKl 27-4, for a disunce of 
25 feet 18-8 and 37-9. Hence for 20 frot the range inside the focus Is 
4-3 and outside the focus 7-4, while for 25 feet the range is 6-4 inside 
and 12-9 outside. Hence for a focusing distance of 22 feet what can be 
said is that the range inside the focus is between 4-3 and 6-4 and Is 
nearer to the 4-3 petition, say 5 feet, giving a near limit of 17 feet. 
Similarly we can set a far limit of about 31-6. An actual calculation 
gives the values 17-0, and 31-3. Estimates of this type give useful indica- 
tions when the focusing distances are not listed. 

In a minority of cases it may be advisable to recakulate the depth of 
field table for a particular set of apertures and focusing distances and 
for a particular lens focus, but in the majority of cases the tables given, 
used as explained above, will suffice. 

Depth of field values may also be obtained by the use ofa cakufeting 
device, one form of this being the scale that is an int^ral part of the 
focusing movement of a lens on a miniature camera. To cover a range 
of focal lengths, and to serve as a useful adjunct to cameras not fitted 
with such depth of field Indicators, the Focal Focusing Chart has been 
prepared by the author and publishers of this book. The results of 
calculations on topics discussed In the present chapters have also been 
tabulated in it, for easy reference. Depth of field tables give more 
accurate results, but in many instances a calculating device, such as the 
chart, is more handy to use. 
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VI.— DEPTH OF FIELD FOR LENSES OF U INCH (28 mm.) FOCAL LENGTH 




VII.— DEPTH OF FIELD FOR LENSES OF l§ INCH (35 mm.) FOCAL LENGTH 



3-2| 












VIII.— DEPTH OF FIELD FOR LENSES OF If INCH (42*5 mm.) FOCAL LENGTH 










DEPTH OF FIELD FOR LENSES OF 2 INCH (SO mm.) FOCAL LENGTH 
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•DEPTH OF FIELD FOR LENSES OF 4i INCH (112.5 mm.) FOCAL LENGTH 
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DEPTH OF FIELD FOR LENSES OF 7 INCH (175 mm.) FOCAL LENGTH 
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THE DEFECTS IN EVERY LENS 


Aberrations 

Praaically all lenses now available are distinctly Imperfect 
from the critical point of view of the designer. 

The same lenses are often of excellent quality by the 
standards of the man who uses them. Many a photographer 
thinks that he has a really fine lens, and is proud of the 
results it gives, until quite suddenly it lets him down on a 
job where absolutely first class work is needed, and he 
realises that the standard by which the lens was judged was 
not high enough. 

It cannot be too strongly stressed that the best and most 
up-to-date of modern lenses are not free from faults In their 
performance, or aberrations as they are called. Catalogues and 
patent specifications claim that aberrations are eliminated, 
but this is only part of the truth. The plain fact Is that aH 
aberrations, or even a good percentage of them, cannot be 
and are not eliminated. Among designers and specialists on 
lens work, these claims are accepted as only a conventional 
way of saying that some troublesome aberrations have been 
reduced to within reasonable limits, that others have been 
nicely balanced, and that a workman-like job has been 
made of the complete lens. 

To have a really good and exact idea of what a lens can be 
expeaed to do means getting some Insight into the exact 
way in which a lens produces an image, into the type of 
faults that may arise, and where it is a question of taste in 
balancing aberrations. 

And of these the first Is to see exactly how the lens 
bends the rays of light to form an image. 

Refraction of Light 

Whenever a ray of light crosses a surface separating glass 
and air it suffers an abrupt bending or refraction, as shown on 
p. 95. The angle that the ray makes with the line ON, at 
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A ray of white ilght Is bent by glass and split up Into rays of Its ccsn- 
ponent colours. The angle that the IfwxHning ray malces with the line at 
right angles to the element of surfece that the ray hits, is the c^k of 
incidence. The angle that the ray makes with the same line after It fas 
bent Is the angle of refraction, and the angle between the directions of 
the ray before and after bending Is the angle of devlethm (p. %). 



The relations between the angle of Incidence /, the angle of refraction f 
and the angle of deviation d are shown in the graphs for light of different 
colours. RQ -r PQ Is the index of refracthn. PY -r BR Is the AMm 
number. The Index of refractkm, which varies from colour to colour 
since light of different colours h b«it to different cxteno by the same 
piece of glass, measures the power of the glass to bend light rays. The 
Abbe number measures the difference in bending power for light of 
different colours. The greater the Abbe number tl^ smaller the di^rskm 
or the amounts by which light of different colours is differently bent 
(p.97). 


THE REFRACTION OF LIGHT 
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right angles to the surface, Is the “angle of incidence.” 
The angle that it makes with the same line ON after it has 
been refracted at the surface Is the “ angle of refraction.” 
The amount of bending that the ray undergoes, the amount 
by which it deviates after refraction from the direction it 
pursues before hitting the surface, is the “ angle of devia- 
tion,” or merely the “ deviation,” and is shown on p. 95. 

The best way of showing the amount of bending that a ray 
of light undergoes for varying angles of Incidence is to draw 
two graphs dealing with different aspects of the bending. 
In the first graph, on p. 95, the angle of incidence is plotted 
on the vertical line and the angle of refraction is plotted 
along the horizontal axis. The graph shows how the two are 
conneaed. In the second graph on p. 95 the angle of 
deviation is plotted on the vertical line against the angle of 
refraction on the horizontal. 

In the graph on p. 95, it will be seen that the first part 
of the curve is very nearly a straight line. A point moving 
along the curve conneaing the angles of incidence and 
refraction starts off moving along the line OPR. Once the 
slope of the line OPR is known the rest of the curve follows 
In a perfectly definite way, and is obtained by purely mathe- 
matical calculation. Because of this the behaviour of the glass 
in bending light can be described by giving the slope or 
gradient of the line OPR. 

The slope of the line OPR, I.e,, the height QR that a point on 
the line rises when it travels a distance PQ equal to one unit 
in the horizontal direction, is called the “ refractive index ” 
of the glass, and measures the bending power of the glass. 

Dispersion 

The bending power of the glass Is not the same for all 
colours of light. A ray of blue light is bent more strongly 
than a ray of yellow light, and this in turn is bent more 
strongly than a ray of red light. This is shown on p. 95 
where the unbroken line in the glass represents the path 
taken by a ray of yellow light Incident on the surface as 
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shown; the dotted line shows the path taken by a ray of 
blue light that coincides with the direction of the yellow 
ray before either of them strike the glass surface, and the 
chained line shows the same thing for a ray of red light. 
This means that when graphs are drawn as on p. 95, and 
the curves relating to different colours lie apart from one 
another, as shown in detail on p. 95, where the dotted 
line again refers to rays of blue light and the chained line to 
rays of red light. The slopes of the three curves and the 
straight lines with which they coincide in their early stages 
are different for the three colours mentioned. In other 
words the glass has a distinctive refractive Index for each 
colour of light. 

When the refraaive Index of a glass Is mentioned vdthout 
any statement of the colour of light used it can be assumed 
quite safely that the index has been measured for yellow 
light, and it will be assumed throughout this chapter that 
unless a special mention Is made the index of refraction is 
that for yellow light. 

The fact that glass bmds light of different colcHJrs to different 
extents Is the “ dl^rskm ** the glass. 

The graph on p. 95 comes in very useful In forming an 
estlm^e of the dispersion erf the glass, and In measuring its 
dispersive power. Suppose that the straight lines from the 
early parts of the curves for blue light, yellow light, and red 
light, cut a vertical line drawn through the point P, in the 
points 6, V, and R, as shown on p. 95. FY gives an estimate 
of the deviating power of the glass as far as yellow light is 
concerned. The same thing holds for P6 and PR for blue and 
red light. BR gives an estimate erf the difference of deviating 
power as the colour of the light changes from blue to red. 
The dispersive power Is then measured by giving the Abbe 
number of the glass, usually denoted by V^, where 

V = length of FY -r length of BR. 

When the refractive Index of a glass Is given, and its Abbe 
number also, it is specified sufficiently clearly for most optical 
purposes. 

M.O. — 0 
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The exact value of the refractive index and Abbe number 
of a glass depends on the constituents of the glass. By using 
different materials glasses of very many types can be made. 

XXI.— REFRACTIVE INDEX AND ABBE NUMBER OF GLASSES 


Glass Type 

Index of Refraction 

Abbe Number 

Hard Crown 


1.518 

60.3 

Borosilicate Crown 

... 

1.509 

64.4 

Medium Barium Crown 

*•« 

1.576 

57.4 

Dense Barium Crown 

... 

1.613 

60.0 

Light Flint 

... 

1.583 

41.8 

Dense Flint 

... 

I.62i 

36.1 

Extra Dense Flint 


1.652 

33.6 

Double Extra Dense Flint ... 


1.802 

25.5 


For Instance, In the case of Hard Crown glass, which has 
very nearly the same properties as ordinary plate glass, the 
Index of 1.518 means that the slope of the straight line OPR 
on p. 95, is 1.518, the line is rising upwards at 1.518 times 
the rate at which it is travelling horizontally ; and the 
Abbe number of 60.3 means that on p. 95 the length of 
PY is 60.3 times the length of 6R. (It does not matter where 
the vertical through 6R is drawn. A new position merely 
scales up the lengths. The ratio of PY to BR stays the same). 

All the glasses mentioned above, and many more, find their 
place in giving a good lens a high standard of performance. 

Until recently the basic materfeil of all optical glasses was 
sillcar— a very pure form of sand. There a high refractive 
index Implkil a low Abbe number. By the Introduction of 
other rather expensive materials new glasses have been 
made which contain very little silica, and In which high 
Abbe numbers are associated with high refractive indices. 

The Path of Light in a Lens 

The paths of two rays of light through a simple lens are 
shown on p. 99. 

Each ray as it enters the glass is bent towards the line at 
right angles to the bit of the surface where it hits the glass. 
The area very near to each of these points can be considered 

98 





Left : The laws govern- 
ing the bending of light 
by glass mean that the 
rays bent by a simple 
lens do not meet again 
In the point required of 
a perfect lens (p. 100), 


Right : When the rays of 
light incident on the lens 
make an angle with the lens 
axis the bending of light 
according to the laws 
already described results In 
a light patch being formed 
of a decidedly complicated 
form (p. 100). 





Left : Blue light Is bent more strongly than yellow and red light and so 
the blue rays cut the axis nearest the lens. 

Right : In general a simple lens breaks up an oblique ray into a group of 
coloured rays which give a tiny spectrum on a focusing screen. 


REFRACTION BY A LENS 
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as flat and so there Is no difficulty In drawing a line at right 
angles to the localised position of these portions of the 
surface. The relation between the angle In air and fn the 
glass Is given by the graphs on p. 95. 

When each ray leaves the surface it 1$ bent away from the 
line at right angles to the surface, but the relations between 
the angles in air and in the glass are the same as before. The 
net result of these two bendings Is shown on p. 99. 

The main thing to notice is that the rays do not come to a 
sharp focus after they leave the lens. They cut the axis in 
different points, and the best that they can do In the way of 
forming an Image, when all the rays that go through the 
lens are taken into account, is a disc of light on a sensitive 
plate or focusing screen. 

When the rays come from a point away from the lens 
axis exactly the same type of thing is found, but in an aggra- 
vated form and the light patch produced on the plate is of a 
more complicated shape. The paths of the rays In this case 
are shown on p. 99. 

And in addition to this there is the complication Intro- 
duced by the varying extents to which light of different 
colours is bent by the glass. The effects of this for one of the 
rays is shown on p. 99. A ray of white light, containing in 
Itself rays of red, orange and other colours, throughout the 
range of the spectrum, is shown hitting a single lens. The 
differing extents to which light of different colours Is bent 
by the glass means that the single ray of white light Is split 
up into a group of rays as soon as it crosses the first surface. 
This is shown on p. 99. The red and blue rays are shown 
flanking the yellow ray. When the rays cross the second 
surface this divergence between the different colours is 
emphasised, and the rays cut the lens axis in different 
points. 

As far as Images are produced by such a lens they are found 
at varying distances from the lens, depending on their 
colour. The blue Image is nearest the lens, the greenish- 
blue next, followed by the green, the yellow, and so on 
down to the red image which Is farthest away. 
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When the Initial ray comes from a point away from the 
lens axis there Is another quite different colour effect, as 
shown on p. 99, where blue, yellow and red rays are drawn. 
The rays, derived from an Initial white ray, when they leave 
the lens cut any plate In different points. In place of forming 
a clear cut image point, each ray of white light produces a 
tiny spectrum on the plate or focusing screen. 

These colour effects are, of course, superimposed on the 
effects already mentioned whereby a light patch is produced 
instead of an Image point. 

The Perfect Lens Again 

It Is only by courtesy that such a piece of glass can be 
called a lens. The definition It gives Is hopeless. But Its 
performance can be Improved by stopping It down and using 
a filter (page 273) that cuts off all except a very narrow band 
of colours. As the lens aperture Is decreased, and the colour 
band restricted In width by the filter, there Is a progressive 
Improvement In the definition afforded by the lens. The 
limit that the lens Is aiming at as these restrictions on aper- 
ture and range of colour transmitted are tightened up, and 
the goal which ft never attains. Is that of a perfect lens. But. 
at the same time, to ensure this result, the field of the lens, 
the size of the plate It covers, must be cut down drastically 
to a quite Infinitesimal area. 

It Is on the basis of this goal of the lens performance 
under severe restrictions that all calculations on lens per- 
formance, such as those concerned with focal points and 
nodal points, are made. 

Any fens when stopped down far emmgh, when used over a 
severely restricted field, and restricted to one colour of light, tends 
to behave as a perfect lens, (There Is one feature of the way 
in which light travels and spreads, namely diffraction, that 
enters Into the picture at very low lens apertures, and that 
tends to vitiate what has been said above. But for the 
present diffraction can safely be left out of things. A de- 
scription of what It Is and how It Introduces a new factor 
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into the performance of a lens is given later on page 137. It 
is out of place to discuss It at this stage.) 

As the lens aperture and field, and colour range are opened 
out from the quite Impractical values needed to give the lens 
a semblance of being a perfect lens, flaws in the performance 
begin to appear, the so-called ** aberrations.'* 

Higher-order Aberrations 

The first aberrations to appear are the first-order aberra- 
tions, They are the only aberrations of any Importance 
at lens apertures and fields below about f 16 and 10 degrees 
respectively. They are often called the Seidel aberrations, 
after the German mathematician of that name, who was 
concerned with developing methods of working out their 
values, although the defects themselves had been known at 
an earlier date to English opticians such as Coddington and 
Airy, 

Even at the limits of field and aperture where the first- 
order aberrations are the dominating faults in the lens, 
there are traces of other aberrations. These appear In 
appreciable amounts as either the lens aperture or lens 
field, or both are opened out beyond the values to which 
they must be restricted if only the first-order aberrations 
are to be taken Into account. They are usually just lumped 
together as the higher-order aberrations. It is possible to 
sort them out into various groups, and to call these second- 
order, third-order aberrations and so on, but this sorting 
out Is not worth while as a rule. 

A^any accounts of lens aberrations have limited themselves 
to the first-order aberrations, which are, after all, the simplest 
to describe and deal with. But it is really the higher-order 
aberrations that in many cases ruin a lens performance. It Is a 
comparatively simple matter, especially with the most 
recent types of glass, to correct a lens for all the first-order 
aberrations. When that Is done, however, the second and 
higher-order aberrations come into play strongly and steps 
have to be taken to correct these new defects. These same 
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steps that are taken to eliminate the higher-order aberra- 
tions* as far as this is possible, lead to the re-introduaion of 
the first-order aberrations. 

The whole art and science of producing a new lens con- 
sists In balancing the first and higher-order aberrations with 
a minimum amount of each. None of them are entirely 
eliminated. It Is these residual amounts of aberration that 
determine the quality of a lens performance, and the next 
thing to do Is to give a short account of what they are and the 
results they produce. 

The aberrations can best be described as belonging to five 
different types, each having its own characteristic contributhn 
to the quality of the negative produced by the fens. They are 

(1) Spherical Aberration 

(2) Coma 

(3) Astigmatism and Field Curvature 

(4) Distortion 

(5) Chromatic effects, 

and are dealt with in this order. 

Spherical Aberration 

Whatever else a lens may be expected to do. It Is expected 
except in the case of an avowedly soft-focus portrait lens 
(p. 179), to give a really crisp and sharp image in the centre 
of the negative. Whether this result is achieved or not 
depends on the amount of spherical aberration In the lens. 

And whether the focus of the lens changes or not as it Is 
stopped down, depends as ^r as central definition Is 
concerned, /.e., definition In the centre the negative, 
on the amount of spherical aberration. 

On p. 105 rays of light parallel to the lens axis are shown 
as they are bent by a simple converging lens. Next are shown 
the same rays as they are bent by a simple diverging lens. 
The fact to note is that in each case the rays that pass through 
the margins of the lenses converge to, or diverge from, 
points nearer to the lens than do the rays from more central 
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parts of the lenses. In each case the marginal rays are bent 
more strongly than the rays through the more central parts 
of the lens. 

This feature of the performance of any lens, namely that rays 
of light (of one particular colour) Initially parallel to the lens 
axis, are bent by the lens so that the rays from the margin of the 
lens cut the axis in points other than those in which it is cut by 
rays from inner zones, is the** spherical aberration ” of the lens. 

Using the fundamental laws of refraction discussed in the 
early part of this chapter, it is a simple matter to prove 
mathematically that if the polished surfaces of a single lens 
are spherical in shape, then all the rays passing through the 
lens from a point object cannot converge to a single point 
Image. Hence, the name spherical aberration. This aber- 
ration can, however, be completely absent in single lenses 
whose surfaces are not spherical. Photographic lens 
surfaces have to be made to a very high accuracy of shape, 
an accuracy measured In terms of a few millionths of an 
inch. Since the desired precision is only possible, economi- 
cally, on spherical surfaces, it follows that spherical aberra- 
tion Is an important limitation on lens performance. 

When the rays are bent by a lens so that the rays from the 
margin of the lens cut the axis nearer to the lens than those 
from Inner zones, as shown for a simple lens on p. 105, then 
the lens has under<orrected spherical aberration. 

A simple lens always has under-corrected spherical aberra- 
tion. The exact amount, for a lens of a given focus, depends 
on the shape of the lens. With a single lens of crown glass 
with a refractive index of 1.52 the minimum amount of 
spherical aberration is obtained when the shape of the lens 
Is as shown on p. 105, which shows a lens of 4 inch focus. 

A simple diverging lens, as illustrated on p. 105, always 
tends to make the rays of light through the marginal parts 
diverge away from the axis to a greater extent than rays 
through the more central zones, as also shown on p. 10.5 
The excessive divergence of the marginal rays depends on 
the shape of the lens, on the ratios of the curvatures of Its 
two surfaces. In exactly the same way that the excessive 
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Right: The rays bent by the 
marginal parts of a diverging lens 
appear to come from points 
nearer the lens than those from 
nner zones (p. 104). 


left ; With a simple con- 
verging lens the rays farth- 
est from the axis converge 
too strongly, and cut the 
axis nearest to the lens 
(p. 104). 




Above ; By a suitable choice of lens shape the excessive convergence 
of marginal rays can be reduced to a minimum. The form of a 4 Inch 
tens is shown which has minimum spherical aberration for one particular 
type of glass. The under-correctloft of spherical aberration cannot be 
renrK>ved by the use of a single glass, but merely brought to a minimum 
by a judicious choice of curve radii. The example shown Is for a tens 
made of hard<rown glass with a refractive index of 1.520 (p. 104). 

SPHERICAL ABERRATION OF SIMPLE LENSES 
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convergence of the marginal rays in a converging lens 
depends on the shape of the lens. 

The mast Important result of this is that a converging lens 
con be combined with a diverging lens of lesser power, so that 
the combination of the two lenses is converging, and by a proper 
choice of the shape of the diverging lens the excessive conver- 
gence and divergence of the two lenses can be balanced. In the 
combination of the two lenses the marginal rays through 
the pair are brought to the same focus as the rays through 
the innermost zones of the lens. 

By a suitable choice of the shape of the negative lens the 
rays through the margin of the compound lens can be made 
to come to a focus farther away from the lens than those 
through the innermost zones. In this case the lens has 
over<orreaed spherical aberration. 

In any lens» whether it is of the simple form of a compound 
lens, as just described, or whether it Is of a more complicated 
construction, such as Is described on pages 141 ff, the des- 
cription of spherical aberration remains the same : if 
rays through the margin of the lens come to a shorter 
focus than rays through the innermost zones of the lens, the 
lens has under-corrected spherical aberration ; if they 
come to a longer focus the lens has over-corrected spherical 
aberration. 

Zonal Aberration 

When a lens is of a more complicated construction than a 
simple compound lens, the same general method of using 
one or more negative lenses of the proper shape, means 
chat rays of light through the edge of the full lens aperture 
can be brought to the same focus as rays through the inner- 
most zones of the lens aperture. In this case it is possible 
CO say that the spherical aberration has been corrected, 
but this cannot be taken as indicating that the lens will give 
good central definition, it may still happen that the definition 
In the centre of the film or plate Is just hopeless. 

Because of the importance of having a really sharp 
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Top : The ^ect ot first order umier correct-spfierfcaJ aberratton to 
nmkc rays from zones of the lens come to progressively sfeoiW fod as 
the zone diameters Increase (p. 10^, 

Centre : Second order over-correct spherical aberration cat^ a 
progressive lengthening of the foa» of rays from lens zones (p. 10^ 

: The case of practical imporunce when first and second order 
aberrations are present means a shortening the focus to a minimum 
follwed by progressive lengthening. It produces zonal aberration 

(p. 108). 

the cause of zonal spherical aberration 
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definition in the centre of the plate It is worth while going 
into the subject in more detail. 

The rays at the margin of the lens aperture are brought 
to the same focus as rays through the innermost zones, 
not because all the orders of spherical aberration have been 
removed, the first order, second order, and all the higher 
orders as explained on page 102, but because they have been 
balanced for the rays through the margin of the lens. The 
best way to see the results of this balancing is to deal with 
the effects of first order and second order spherical aberra- 
tion separately, and then to combine the two. 

Suppose that a lens suffers from first-order spherical 
aberration only, and has under-corrected spherical aberra- 
tion only. Then all the rays through the lens show a pro- 
gressive shortening of focus as their distance from the lens 
axis Increases. This Is shown on p. 107; the graph on the 
right of the figure measures off more clearly the shortening 
of focus for rays from a particular zone. The distance that 
a point on the graph is to the left of the vertical line shows 
how much the rays from a zone that height above the axis 
fall short of the focus of rays through the Innermost zone. 

Next, suppose that it suffers from second-order over- 
correaed spherical aberration only. The rays from different 
zones of the lens come to progressively longer foci as the 
distance of the zone from the lens axis increases. This is 
shown on p. 107, where again the graph at the right of the 
diagram shows the progressive lengthening of focus in a 
clearer way. The point to notice about the graph in this case 
is this : In its early stages It hugs the vertical line much more 
closely than does the curve for first-order spherical aberra- 
tion, and in the later stages of its course it is leaving the 
vertical line at a much more rapid rate than the first-order 
curve. The diagrams have been drawn so that the sizes of 
the under and over-correction in the two cases are equal 
at the margin of the lens aperture. 

And now take the type of thing that occurs in practice, 
where the lens has both aberrations at the same time. 

At the edge of the lens aperture the under-correction 
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from the first-order just balances the over-correction from 
the second-order and the rays from this region of the lens 
aperture come to the same focus as the rays from the inner- 
most zones of the aperture, as shown on p. 107. 

In regions not too remote from the centre of the lens 
aperture, the first-order spherical aberration dominates 
anything else, and there is a progressive shortening of the 
focus of rays through succeeding zones. As these move 
out from the centre of the lens the second order aberration 
tends to slow up the rate at which this shortening takes 
place, and finally stops it. Beyond this point the second order 
aberration takes control and there is an increasingly rapid 
lengthening of focus until the margin of the lens aperture 
is reached. The whole behaviour is shown on p. 107. 

This is the type of performance of every lens made. The 
fact that the rays through an Intermediate zone come to a 
shortest focus is referred to as the zonal spherical aberration of 
the lens. The zonal spherical aberration Is of the greatest 
importance in determining the quality of the lens definition. 

in many cases the second and higher-order aberrations 
(only the second order was d^t with explldtly above 
but the higher-order spherical aberrations have ejoctly 
the same effect) are adjusted so that the rays through the 
extreme margin of the lens come to a slightly longer focus 
than the rays from the innermost zone of the lens aperture. 
This helps to move the position of shortest focus away from 
the lens, but it cannot be overdone without giving the 
lens poor definition through too much over-corrected 
spherical aberration. 

Since the rays from each zone the lens come to a differ- 
ent focus, on a plate or film each zone erf the lens aperture 
gives a ring of light Instead of a point of light* And from the 
whole lens aperture there is produoxl a disc of light* The 
size of this disc depends on the size of the zonal spherical 
aberration, and It should be realised th^ the zonal aberra- 
tion cannot be eliminated. All that can be done is to try to 
reduce it to a reasonably small amount. 

Enough has been said in this section to show that only a 
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conventional value can be put upon any claim that the spherical 
aberration in any lens has been corrected. All that such a 
statement Implies is that there is not too much over- 
correction of spherical aberration at the margin of the lens 
aperture, nor too much zonal spherical aberration. 

Whether the judgment of the maker as to what constitutes 
“ too much agrees with the judgment of the photo- 
grapher can only be determined by actual test, notwith- 
standing any claims about the elimination of the aberration. 
More about the effects of spherical aberration and examining 
a lens for it is described in the less theoretical pages 224 ff. 
dealing with lens testing. 

Como 

Suppose, although it Is a thing that cannot be realised In 
praalce, that the spherical aberration of a lens has been 
absolutely and completely corrected. It simplifies matters 
considerably In the following discussion to make this 
assumption, and then afterwards an allowance can be made 
for the fact that It Is not an exact statement of the truth. 

In just the same way all the other aberrations that afflict 
a lens and that cannot be completely eliminated, will be 
assumed to be absent, with the exception of coma. 

Coma comes Into play only when a point away from the 
lens axis is sending light to the lens. As far as central defi- 
nition Is concerned spherical aberration Is the only aberra- 
tion apart from chrom^ic aberrations {cf. pp. 122-126), that 
has any effect. Away from the centre of the negative other 
aberrations, of which coma Is one, come into play and the 
stop has a new roie to fulfil. 

When the stop or iris diaphragm Is used to cut down the 
diameter of a beam of light parallel to the lens axis, as 
explained at an earlier stage (on page 18), the same part 
of the lens Is used no matter what the stop position may be, 
provided of course that the proper size stop is chosen In 
any position to give just the right diameter of beam. 

But when a point the lens axis is being dealt with the 
position of the stop fixes what part of the actual glass 
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3 UNITS 




Top : When the rays of tight fndd^ on a Jens make an ai^ with the 
tens axis, and when they are cut off hy a stop, the exact poslelcm of the 
stop determines what part the lens ^ i»ed by d»e ra>^ of light that 
are allowed to fms. Thfa has an Important bearing on the type of 
aberration produced, especially In the case of coir^ 1 10). 

Centre ; The shape erf the fight patch produced by first order coma 
shown (p. 112). 

S<^tom : With higher orders of coma mexe complicated light (xitcHes 
are produced (p. 112). 


COMA OF RRST AND HIGHER ORDERS 
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surface is to be used. This is shown for the case of a simpie 
lens on p. 1 1 1 . The fact that a different part of the glass is 
used when the stop Is in front of the lens, from that which 
is used when the stop is behind the lens means that the 
aberrations are different in the two cases, and that they 
depend on the position of the stop. This is of the utmost 
Importance in establishing a lens construalon that will give 
good definition, and holds whether the lens Is of the simple 
construction shown or whether It is of a more complicated 
nature. Among other things this faa was responsible for 
the early vogue of the rapid-rectilinear and symmetrical 
type of lens (page 142). 

When the lens Is used to form an Image of a point not far 
away from the axis and when the lens is closed down to a 
very small diameter, say f 64, the lens behaves sensibly as a 
perfect lens. 

As the stop diameter Is increased, to f 1 6 say, and the field 
Increased to 4 or 5 degrees the light on the focusing screen 
is drawn out into a patch of light due to the operation of firsts 
order coma. The shape of this patch is shown on p. 1 1 1, and 
while Its absolute size varies from lens to lens its shape 
remains the same, and remains the same throughout the 
field as long as first order coma only need be taken Into 
account. The light patch fades away in intensity from the 
head of the patch like the tail of a comet, hence the name. 
The coma tail may point away from the lens axis, in which 
case there is outward coma, or it may flare in from the head 
of the patch towards the lens axis, forming an inward coma. 

As the lens aperture and field are opened out other orders 
of coma begin to appear and they are among the most 
troublesome things to deal with and to sort out from the 
aberrations. There is no such simplicity about them as about 
the first-order coma. 

It is best just to say that the effect of higher orders of 
coma is to give an unsym metrical flaring away of the patch 
of light on the plate or film. The coma tail as before may be 
either Inwards towards the lens axis, or outwards away 
from the axis. The amount, and even the direalon of the 
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major coma flare may vary over the field covered by the lens. 

It is not easy to give examples of the type of appearance 
presented by the light patch of a lens afflicted with coma of 
various orders only, as in practically every case there is 
astigmatism (see below) also to contend with, and the two 
together, coma and astigmatism, produce particularly 
complicated light patches. The nearest approach In praalce 
is probably the performance (of a wide-angle lens) of the type 
shown on p. Ill, where there is illustrated the shape of 
the light patch at a few points in the field of the lens, and 
shows the type of coma balancing that has to be aimed at. 
In actual praalce the coma correction at the margin erf the 
field consists in making the curved figure-of-eight shown, 
more of a straight up and down figure-erf-eight, but the 
example given shows the appearance that coma very easily 
takes in this case. 

The really important cases are those In which both coma 
and astigmatism are concerned, and in which a more general 
definition <rf coma can be given. These are described In the 
next seaion after astigmatism has been discussed. 


Astigmatism and Field Curvature 
The characteristic effect of astigmatism Is that one set of lines 
on a photographic plate is sharply in focus, and at the same 
time another set, at right angles to the first, is out of focus. 
When there Is pure curvature of field both sets of lines are 
equally well in focus on a curved plate or film. The two 
things, astigmatism and curvature of field, are so Intimately 
cxsnneaed that ft Is best to deal with them at the same time. 

To start with it will be taken for granted that all the 
aberrations with the exception of astigmatism and culture 
of field are absent, and that the lens has been restrlaed both 
in aperture and field covered to small limits, say f 16 and 
5 degrees respealvely, although these are only very 
approximate figures to give something concrete to go by. 

When there is only curvature of field in the lens a sharp 
Image of a point In the field Is formed, but In place of such 
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image points lying on a plane, the flat surface of a plate or 
film, they lie on a curved surface. Quite accurately enough 
they lie on the cap of a sphere, of which a section Is shown 
on p. 115. The radius of this sphere depends only on the 
glasses of which the lens is made and their respeaive powers, 
and is given through a number called the Petzval sum of the 
lens. The greater the Petzval sum the more strongly curved 
Is the cap of the sphere and the smaller its radius. With a 
normal type of anastigmat such as a symmetrical lens or 
Cooke Triplet (cf. page 160) the Petzval sum is positive and 
the spherical cap is concave to the lens as shown on p, 
1 15. With some types of telephoto lens the Petzval sum 
is negative and the sphere Is convex to the lens. 

With the sharp image points lying on a curved surface 
the field of the lens is curved In the sense that the best 
definition would be obtained on a film bent to fit the 
spherical surfece. If the Petzval sum of a lens Is zero the 
sphere flattens out into a plane. It Is rarely, if ever, a prac- 
tical proposition to make the Petzval sum zero as other 
aberrations have also to be looked after, but a certain amount 
of flattening of the field of the lens can be carried out by a 
judicious use of astigmatism. 

When there is astigmatism In the lens, as well as curvature 
of field, each object point in front of the lens has two images, 
one behind the other. Each of these images is a short straight 
line Instead of a point, and the two lines are at right-angles 
to each other. The two lines are shown on p. 115. One 
points away from the lens axis, like a fragment of the spoke 
of a wheel ; this is the sagittal or radial astigmatic line, or 
just the radial image. The other Is at right angles to a line 
drawn from the lens axis, and Is the tangential or transverse 
image. 

The relative positions of the radial and transverse images 
are also shown for one typical case on p. 115, and their 
varying positions for different positions of the object point 
in front of the lens are indicated by the curves that are 
cross-sections of image surfaces. When there is only curva- 
ture of field the sharp image poinu lie on the cap of a sphere 
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Tot> left : With pure field curvature Image points lie on curved 
surface (P. 114). 

Top right : With astigmatism present there Is a radial line on the 
surface R, a transverse line on the surface T, and between them a 
drcular disc on the surface C. (p. 1 14). 


Lower : By in- 
troducing vary- 
ing amounts of 
astigmatism the 
R, T, C surfaces 
can be made to 
take the shapes 
shown (p. 1 16) 




Above: Ifthe radial astigmatic Ifeieslte on 
a flat sm-fcK» dwm the iniage* ol rfw !^)okes 

of a wheel are sharpfy defined but the rim 
of the wheel Is poorly deHned. If the 
transverse tines lie on a flat surh^e the 
rim of the wheel Is sharply defined but 
the spokes are not (p. 116). 


Right: The shapes 
of typical S and T 
surfaces when 
higher orders of 
astigmatism are 
present arc 
shown, and the 

different shapes for narrow ami medium angle lenses. In order to get 
the increased field recjulred In some cases a compromise must be made 
in establishing the astigmatic correction, so that a lens designed for a 
comparatively large field will not give the san^e standard of performaiKc 
near the centre of the field as one specifkally designed to cover the 
smaller field (p. 1 17). 



ASTIGMATISM 
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itjarked PP on p. 115. With astigmatism present the radial 
lines lie on the cap of the sphere marked RR, and the trans- 
verse lines on the cap of the sphere marked 77 on p. 115. 
Midway between the spheres RR and 77 of the radial and 
transverse image lines, the rays from the lens that converge 
to form these lines have a circular cross-section, as also 
shown on p. 115. For various positions of the object point 
the corresponding circular sections lie on the sphere marked 
CC on p. 1 1 5. 

By arranging the astigmatism in the lens suitably the surface 
RR and 77 can be bent over to have the shape shown on p. 115, 
and in this case the circular sections or circular image discs lie 
on a flat surface. The best all-round performance that a lens 
suffering from curvature of field can give is obtained when 
the astigmatism is adjusted so that the circular sections lie 
on a plane in which the sensitive film can be placed. The 
diameter of the disc obtained as the image in this case is 
only half the diameter of the out of focus disc that would 
have been obtained if a flat plate had been used with a lens 
suffering from pure curvature of field. 

Other possibilities are shown on p. 1 15. The astigmatism 
can be adjusted so that either the radial or transverse image 
lines are made to lie on a flat surface. 

When the radial lines lie on a fiat surface then the edges 
of the Image on the sensitive plate that stretch away from 
the lens axis are sharply defined, and the edges that stretch 
across the field, as shown on p. 1 15, are blurred. When the 
transverse lines lie on a flat surface the order of sharp 
definition and blurred definition is reversed, as also shown 
on p. 1 15. 

In practice It Is not possible to make the Petzval sum zero 
and to correa the astigmatism at the same time so that 
sharp image points are obtained on a flat surface. With a 
good quality lens of about f 3 aperture, with a focal length 
of 4 inches, the radius of the sphere given by the Petzval 
sum is about 10 inches. 

When a lens of that focus has to cover only a small area, 
such as that of the 35 mm. cine-film frame, the usual astig- 
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matism correctfon is to arrange for the circular images to lie 
on a flat surface. 

Higher Order Astigmatism 

When the same lens has to cover the larger type of field 
required of it in still photography, /.e„ to cover a plate with 
a diagonal of about 4 Inches, there Is another particularly 
important feature of the lens that has to be taken Into 
account. This Is the fact that while the radial and transverse 
image surfaces are spheres In the early parts of their careers, 
and are quite rapidly diverging from one another, In the later 
stages of their careers higher-order aberrations come Into 
play and bend the two surfaces back again. Typical examples 
of such behaviour are shown on p. 1 15. 

There are no simple rules giving the rate at which the two 
surfaces bend back. In any lens, to get the best possible 
average performance over the field covered, the astigmatism 
and curvature of field have to be adjusted so that the radial 
and transverse Image surfaces deviate as little as possible 
from the plane of the sensitive film. Even In the best lenses 
this deviation Is by no means negligible, and with a 4 Inch 
focus lens, covering a plate with a diagonal of 4 Inch^, and 
having the radial and transverse surfaces as shown on p. 115, 
the surfaces may each deviate from the plane of the film or 
plate by .02 inches, and give a pronounced falling In 
Image quality. 

Because of this behaviour of astigmatism in a lens it is always 
advisable to use the lens designed for the plate size of the 
camera employed. If the lens has been designed for a smaller 
field then the marginal definition will suffer considerably, 
esj^ally owing to the tendency of the transverse Image 
surfece to go racing away, as shown on p. 1 15. If the lens 
has been designed for a larger field, then some quality of 
definition is lost because the astigmatism has been adjusted 
so that there will be no severe falling off In definition at the 
edge of the larger field, and a sacrifice of definition In the 
intermediate regions has to be made to ensure this result. 
On p. 1 15 are given diagrams showing the typical Image 
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surfaces for a fens designed to cover various sizes of field. 
These emphasise the need for choosing the lens carefully 
to cover just the field for which It was designed. 

Coma Plus Astigmatism 

All that has been said above relates to the case where the 
lens aperture has been restricted to about f 16, and In the 
absence of coma. It still remains substantially true when the 
aperture is widened out to large apertures and when there 
is coma present, balanced in the way explained in the pre- 
vious section. 

What is then formed on the plate or film, as the image 
of an object point In front of the lens, is a patch of light with 
a hard core and a fringe of light balanced about this core. 
The fringe of light is the “ coma fringe.” Some typical 
examples are shown on p. 121. 

The type of definition remains the same as that described 
above. 

Suppose that attention Is concentrated on a particular 
object point In front of the lens, away from the lens axis, 
and the light patch on a focusing screen that serves as its 
image when the lens suffers from astigmatism and coma. 
As the focusing screen moves away from the lens the shape 
of the light patch changes. A position is reached when a 
short line stretching away from the axis surrounded by a 
balanced and feint halo constitutes the light patch. In this 
position a short straight line through the object point, 
stretching away from the fens axis, would be reproduced 
with the best definition that the lens can afford. It is not 
sharply defined as far as perfect definition is concerned: 
It Is of finite but small width, and accompanied by a halo 
that is very often only seen on an over-exposed photo- 
graph. If the focusing screen Is moved either nearer to or 
further from the lens the definition of this fragment of a 
straight line fells off. 

As the plate or focusing screen moves away from the lens 
still further a position is reached when radial and transverse 
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lines are equally ill-defined. Beyond that a point Is reached 
when transverse lines have their best-defined Images. 

Even for one of the much vaunted miniature lenses, say a 
2 inch f2 lens, covering 24 x 36 mm. film, the separation be- 
tween the positions of the sharpest definition of radial and 
transverse lines may be .010 Inch to .015 Inch with conse- 
quent effects upon the quality of the definition away from 
the centre of the field, or the centre of the negative. 

Field Performance 

If the attention Is directed to the images produced on a 
plate focused to get the sharpest central definition the type 
of performance is this: the definition is best in the centre 
of the negative. Then It falls off as the Image patch moves 
away from the centre. Radial and transverse lines may not 
be equally Ill-defined. The definition usually reaches a cer- 
tain minimum of quality and then picks up, so that It Is quite 
good just before the edge of the field, and then falls off again 
rapidly after this point. 

There are many variants on this type of definition, but the 
essential point remains the same. Because the deftnttfon is 
sharp at the centre and edge of the field it camwi be assumed 
that the definition will be good in the intermediate regkms. 
And when considering a claim that astigmatism has been 
corrected in a lens the limitations of such a correction, as 
explained In this sealon, should be borne In mind. 

It Is worth while dwelling on astigmatism because In 
practice we are concerned not so much with the definition 
of a point, but with the definition of the «ige of an Image, 
and It is astigmatism that deads with this aspect of lens 
definition. 

Distortion 

The fast of the aberratkms that are not concerned with 
colour effects is distortion, and it is probably the easiest 
to describe and deal with. 

What has gone before has dealt with the quality of the 
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Image, from the point of view of perfectly sharp rendition, 
in dealing with distortion attention Is directed to the truth 
of the definition as reflected In the faithful reprodualon 
of the shape of the object being photographed. 

Since an object point in front of the lens has as Its Image 
a patch of light on the focusing screen or sensitive material, 
the first question to settle Is: what Is the shape of the 
Image when It is not perfectly defined ? How can the posi- 
tion of the light patch be located ? 

The method of fixing the Image shape and locating the 
Image of a point Is to stop the lens down so that only a 
single ray of light can get through. This Is the principal 
ray. In actual practice this is something that cannot be 
realised as It is not possible to define anything like the 
diameter of a ray of light. But If the lens Is stopped down to 
about f 64 the rays that go through it are following so nearly 
the same path that it Is not stretching things too hr to think 
of them as being a single ray filling this small lens aperture. 

Focus the lens on the plate so that the central definition 
Is at its best. Then the point where the principal ray cuts the 
plate is the position of the image point. The convention Is 
adopted that further rays, that get through when the 
aperture is opened out, serve only to mar the definition of 
the image and not to disturb Its position. 

The Image may be either nearer to, or further from the 
axis of the lens, than the position It would occupy if the shape 
of the Image were exactly that of the object. Call this last 
position the ideal Image position. The two possibilities are 
shown on p. 111. In either event the deviation of the actual 
Image position from the ideal position increases rapidly 
as they move away from the lens axis. From this it follows 
that when the actual position is further away from the lens 
axis and the centre of the negative than the ideal position, 
the lens suffers from pin-cushion distortion: a square 
grille of lines In front of the lens Is reproduced with the 
shape shown on p. Ilf. When the actual position is nearer 
to the lens axis than the ideal position the lens suffers 
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In the presence of higher-order coma and astigmatism fight patclies are 
produced which are of a complicated shape and character. As the size 
of the lens aperture Is decreased the size of the light patch decreases 
until the stage Is reached when only one ray gets through the Iris, 
diaphragm orstop,andj(neglectlng diffraction) the light patch becomes a 
point (p. 118). 



The only surviving ray when the Iris diaphragm is stopped down to the 
limit is the principal ray. ft locates the position of the light patch. If the 
principal ray cuts the sensitive material at P farther away from the 
axis than its ideal position IP there is pincushkm dismnkm. If It cuts at 
6 there is barrd distortion (p. 120). 



The pattern on the left is due to pinct»hk>n distortion, that on the right 
to barrel iKstortlon (p. 120), 

UGHT PATCHES AND DISTORTK>N 
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from barrel distortion, and a square grille of lines is repro- 
duced with the shape shown on p. 121. 

Exactly the same results hold when the lens aperture is 
opened out and the definition falls off slightly. A grille of 
straight lines Is reproduced with just the same types of shape 
as those shown on p. 121. 

Zonal distortion effects are of negligible Importance in 
dealing with photographic lenses. 

In practice most modern lenses of good quality possess 
only traces of distortion, and to detect it needs a careful and 
scientific examination. (Telephoto lenses are an exception. 
See p. 194.) 

Chromatic Correction 

The last types of fault that may afflia a lens are those 
conneaed with the unequal bending of light of different 
colours by the same piece of glass, as explained on p. 1 00. 

The difference in bending for different colours varies from 
glass type to glass type, depending on the Abbe number as 
already explained. For Instance on p. 123 the relative posi- 
tions of red, yellow and blue images are shown as they are 
produced by two converging lenses of the same power, but of 
different glasses. The first glass is a hard crown glass with an 
Abbe number of 60.3, and the second an extra-dense flint 
glass with an Abbe number of 32.5. The coloured Images are 
much more widely spread out in the case of the second glass, 
it is more “ dispersive.’' The curves at the right of each 
diagram show in a more evident way how the Images creep 
nearer to the simple lens as the colour deepens from red to 
blue and violet. 

Now suppose that two lenses are combined. The first is a 
converging lens of crown glass. Left to itself it produces 
images that come nearer to it as their colour shifts towards 
the blue end of the spectrum. The second is a diverging lens 
that tends to throw the images further away as their colour 
tends to the blue, and is made of flint glass. The behaviour 
of the two lenses is represented on p. 123. The two lenses 
are producing opposite effects. 
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Top : The wavelength of light can he described by stating In what part 
of the spectrum It lies. This latter contains a number <5 weiMel^^ 
positions, specified by the so-called spectrum lirn^ or Framhofer lines. 
Right : With a simple lens 
there is a progressive 
shortening of the focus as 
the light colour varies from 
infra-red (IJL) to ultra- 
violet (U.y.). The greater v 
the dispersion and the 
smaller the Abbe number 
V the greater the spread 
of the coknired Images 
fp. 122). 

Bottom : By combining a 
strongly dispersive diverg- 
ing lens with a less dis- 
persive converging lens 
light of two colors Is vk-s 

brought to the same focis, j 

and the residual spread of 
the images Is comparatively 
sniall. Thbisan achromatk 
correction (p. 124). 




CHROHATIC ABERRATION 

123 



Because the glass of the diverging lens is of greater dis- 
persive power than that of the converging lens, the power 
of the former can be less than that of the converging lens and 
yet the distance between the blue and red Images can be the 
same in each case. Then if the two lenses are put together 
they form a compound converging lens. The crown glass 
part of this compound lens tends to make the blue images 
nearer to the lens than the red Images. The flint glass part 
tends to make the blue images further away from the lens, 
as shown on p. 123. These two tendencies can be balanced, 
with the net result that the blue and red images lie In the 
same position, as illustrated. 

This bringing images of two different colours to the same focus 
is spoken of as “ achromatising ” the lens, and a lens in which 
this has been done is an ** achromatic lens ** or ** achromat*’ 
All camera lenses to-day, except on the very cheapest and 
simplest kinds, are achromatlsed. 

There are two ways of looking at the achromatism of a lens, 
and of judging its value. 

The first is In connection with photography using ordinary, 
process, and orthochromatic plates. The maximum sensi- 
tivity of these plates lies at the blue end of the spectrum. 
The maximum sensitivity of the eye lies more in the apple- 
green and yellow region of the spectrum where the light 
wave-length is about 1/50,000 inch. If the images formed 
by the lens for colours In these two regions do not coincide 
the focusing cannot be done In a straight-forward way on a 
focusing screen as used In either a normal or reflex camera. 
The eye picks out the best focus for greenish-yellow light, 
and the plate uses the best focus in the blue or violet regions 
of the spectrum- If these are not in the same place the 
definition on the plate Is not sharp when the image is sharply 
focused on the focusing screen. 

The regions of the spectrum, with their different colours, 
are described by spectrum lines that can be produced easily 
under laboratory conditions, and that lie in the particular 
region to be discussed as far as colour is concerned. For 
instance, the yellow region of the spectrum can be taken as 
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centring round the D-llne. This Is a spectrum line of bright 
yellow colour given out by sodium compounds in a gas flame. 
There are a number of Important lines marking off regions 
in the spectrum. 

For many years the praalce has been with photographic 
lenses to bring the Images of the colours centring round 
the D and F, or D and G spectrum lines to the same focus. 
This was the standard achromatic correction. 

With a lens needed for purely visual work, such as a tele- 
scope or binocular objective, or a projection lens, the 
correction normally employed Is to bring the Images of 
colours centring round the C and F lines to the same focus. 
Such lenses are not really suitable for photography although 
they can be adapted to it by using a green filter and a pan- 
chromatic plate. 

Secondary Spectrum 

With panchromatic materials and films for colour photo- 
graphy, the other aspect of achromatism becomes of 
Importance, and that is the size of the secondary spectrum. 

It has been explained above how the achromatic correolon 
of a lens Is brought about. In the case of a more cxxnplex 
lens the procedure Is the same In principle as that described 
for a compound lens, and Illustrated diagramatically on p. 
123. Converging lenses are combined with weaker diverging 
lines made of glass of greater dispersive power. The 
converging lenses pull the blue Images nearer to the lens 
than the red images, and the diverging lenses throw the 
blue Images further away from the lens. The two tendencl^ 
can be represented by curv^ such as those drawn on pJ23. 
A suitable choice of the powers of the diverging dements 
results In images of two odours being brought to the same 
focus. 

If the curves showing the tendencies of the converging 
and diverging lenses were the same shape, then bringing 
images of two colours to the same focus would automatically 
result in the Images of all other colours coming to that same 
focus. 
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(n actual fact the two curves are not the same shape, and 
all the images of different colours do not come to the same 
focus. The effect is shown on p. 123. Suppose that the 
Images of the colours centred around the C and G lines 
are brought to the same focus, then Images of colours 
between these limits come to foci nearer the lens than the 
common C and G focus, and the images of colours outside 
these limits come to a focus further away from the 
lens. 

This residual spreading out of the coloured images, when two 
of them have been brought to the same focus, is the “ secondary 
chromatic spectrum.” It is of importance in dealing with 
films and plates that are sensitive throughout the whole 
spectrum, as with panchromatic and colour negative material. 
To flatten out the secondary spectrum the colours centred 
about the C and G lines are brought to the same focus. And 
for critical work special lenses have been designed. U|>to- 
date lenses pay more attention to this flattening of the 
secondary spectrum than those of an earlier date, and It is 
worth bearing this in mind when critical definition is 
needed with colour material. 

When a very high degree of flattening of the secondary 
spectrum is required as in process lenses an “apochromatic’’ 
correction can be used. In this coloured Images of three 
different colours are brought to a common focus. 

Lenses such as process lenses In which there is an apochro- 
matic correction are restricted to apertures of about f 1 1 and 
smaller. Since the v^r, fully apochromatlc lenses have also 
been produced for general, and especially colour, photo- 
graphy. Special design is required to allow for different 
degrees of spherical aberration with different colours. 

In spite of the complication of this variation of spherical 
aberration the results given above still hold In general. 
Images of different colours lie at different distances from the 
lens. The spread out of these images is reduced by bringing 
two of them to the same focus, and this leaves then only the 
secondary spectrum. 

This is the axial chromatic aberration. 
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The rays from any actual lens do not meet In the sharp point antldpated 
by depth of focus calculations, but meet the lens axis from Z to M 
over a distance /. There is thus produced a light patch of varying size 
and density on any of the planes M, BS, or CC. Ideally all the rays 
should m^ In a point on IP (p. 129). 

RAYS OF LIGHT NEAR A FOCUS 



The dlver^ng rays from a point near a lens cut the le!i» mwhces at 
different hei^its to paraifel rays fnc»ii a distant po^ As a result the 
aberraticHts pnodaced ^ ea^ sindhce are dUPcrt^ au»d tfac^ deMcate 
balance upset as a rule. It Is for tdds i^ason tte many camera tenses are 
unsatlsbctory as «ilafT|er ibises. The to vmlch the batence Is 

upset depends on the exact kta coo^mctfon and It Is practically fm- 
possfoie to make gesieral rules. The efiea usually does not b«3>me of 
Importance until tim distance of the object point Is tess than about 
six to times the focal length of the lens (p. 134). 


RAYS FROH NEAR AND DISTANT POINTS 
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Lateral Chromatic Aberration 


There Is In addition another quite Independent effect, the 
lateral chromatic aberration. 

The axial chromatic aberration takes care of the positions 
In which the Images are formed. But It may happen, assuming 
that the axial aberration has been corrected, that each 
individual ray going through the lens from a point away 
from the lens axis Is split up Into a group of coloured rays, 
and these produce a spearum on the plate. This has already 
been described on page lOI. The blue end of the spectrum 
may be nearest to or farthest from the lens axis depending 
on the position of the stop limiting the rays. 

To correct the lateral chromatic aberration groups of 
lenses, not necessarily restricted to being convergent or 
divergent, are used which have opposing tendencies. One 
set tends to produce a spectrum with Its blue end nearer 
the lens axis. The other tends to produce a spectrum with 
its red end nearer the axis. The two sets are balanced so 
that the two tendencies neutralise one another and the 
spectrum is folded back on Itself. For Instance, the rays of 
coloured light centred about the C and F lines may be brought 
to the same focus on the plate. This does not mean that all 
other colours will come to the same point. Again In this 
case there Is a lateral chromatic secondary spectrum. It Is 
of quite negllgible'importance except In very rare Instances 
In scientific work. 

The main things to look for In testing a lens as far as 
chromatic aberrations are concerned are the achromatism, 
the axial secondary spectrum especially where colour film 
Is used, and the lateral aberration, which again is of Impor* 
tance with colour film. Lateral aberration that does not show 
up in black and white to any great extent produces images 
with badly coloured edges with colour film or images of dif- 
ferent size on the different plates of a set of separation nega- 
tives taken through red, green, and blue filters respectively. 
The actual testing of lenses for chromatic aberrations is 
described on pages 236 and 239. 
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Aberrations and Depth of Field 

Now that the aberrations have all been described the time 
is ripe to say a few words more about depth of field. 

The method of calculating depth of field was described 
on pages 66 and 69 for the two usual cases. In the first the 
calculation is based on the convention that the print is to be 
enlarged to get the correct perspertive at the closKt 
viewing distance of 1 0 Inches. In the second the calculation 
is based on the assumption that the grain size of the film 
limits the size of the light patch to a minimum of either 
.002' or .OOr. But in both calculations it is assumed that 
the lens is perfect, that rays of light going through the lens 
all come together in a point. This cannot be realised In 
praaice. 

The lens suffers from aberrations that have to be balanced 
one against the other, and that cannot be eliminated. The rays 
do not converge to exact points but cut any plane In a light patch 
of finite size, and It cannot be taken for granted that this will 
not influence the results of the calculation of the depth fWd. 

Consider for instance the simplest case of a lens with an 
appreciable amount of zonal and marginal spherical aberration 
in it. The spherical aberration is under-correaed for rays 
through intermediate zon« of the lens af«rture, and slightly 
over-corrected for rays through the margin of the lens. 
This is the normal type of correction encountered in practice. 
The exact arrangement of the rays near their ideal focusing 
point is shown on p. 127. 

What corresponds to a focus in a lens with this type of 
aberration is the position where the bundle of rays has its 
smallest diameter, as shown at M cm p. 127. The in»ge at 
this point is a small hard disc of light. When the focuslr^ 
screen is moved to the position 6B on p. 1 27 the light fatch 
obtained consists of a small bright core surrounded by a 
diffuse halo. When the focusing screen is taken still further 
away the light fatch increases in size and becomes a fairly 
even disc of light With the focusing screen at the position 
CC the light patch is an even disc with slightly woolly edges. 
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This Is not the type of performance contemplated In calcu- 
lating the depth of field scales on page 68. What Is en- 
visaged there Is an absolutely sharp focus at the Image point 
and a perfectly even disc of light when the focusing screen 
Is either Inside or outside this Image position. 

The net result obtained with a lens having the correction 
described above Is that Images of objects In the centre of the 
field, nearer to the camera than the object on which the 
camera Is focused, are sharper than objects the same distance 
farther away from the camera. There Is an unequal balance 
between foreground and background, with the foreground 
better defined. This Is the reverse of what is usually 
desired in praalce, where the definition of the background 
Is preferably to be maintained. A lens has been designed 
(Taylor, Taylor & Hobson) to provide this latter type of 
correction by making the zonal spherical aberration 
over-corrected and the marginal rays under-corrected. 
To do this, however, means using non-spherical sur- 
faces with greatly increased manufacturing difficulties. 

To get an estimate of the Importance of the spherical aber- 
ration the best thing is to deal with some figures, and numerical 
results that can be expected for typical lenses. 

It follows from the results quoted In the section on depth 
of field that the distance between the Images of the nearest 
and ferthest points that are In sufficiently sharp focus Is 
given approximately by. 

Separation = 2 x (focal length) x (stop No,) 4- 1000 In, 

In a 2 Inch f 2 lens as used for miniature cameras this gives 
a separation between the two Images of 2 x 2 X 2 -i- 1000, 
Le,, .008 Inches. With a good quality lens of this type the 
zonal aberration, or the distance between the points where 
the largest and shortest foci lie for dWerent rays through 
the lens, as shown on p. 127, may be expected to have an 
average value of about .004 -.006 Inch. That Is to say, 
the region over which the rays are coming to the v/aist 
of the bundle, as shown on p. 127, has a size that Is about 
half the length allowed for by the depth of field calculation 

130 



of the Image separation. This must have a definite effect on 
the depth of field of the lens. And quite apart from the 
difference In size of the light patch when there is spherical 
aberration present, to that envisaged by the methods 
referred to on pages 66 and 69, there Is the complicating 
factor that the distribution of light in the Image patch is not 
the even filling of a disc envisaged there. 

When the fl lens considered Is stopped down to f Z8 or 
f 3, that Is when the aperture is reduced to one stop below 
Its maximum, the zonal aberration Is usually cut down very 
considerably and at the same time the distance between 
the Images of permissible quality goes up by nearly 50 per 
cent. The spread of the zonal spherical aberration effect, 
relative to the image separation permitted by the depth of 
field as calculated on pages 66 and 69, is much smaller. The 
depth of field calculated Is giving a more exaa picture of the 
actual limits of passable definition. By the time the lens Is 
stopped down to f 4 the orthodox depth of field calculation 
is giving a very good approximation to the depth of field 
actually obtainable with the lens. 

With a lens, say a 4 Inch f 2, all that has been said above 
holds In principle. Because of the greater focal length, 
4 Inches compared with 2 Inch^, the separation between 
the Images of the nearest and farthest objects In reasonable 
focus is doubled, and Is now .016 Inches. At the same time 
the spherical aberration spread-out is scaled up two-fold. 
The ratio of the two Is undianged and as a consequence the 
conclusions already given are unchanged. 

With a lens of lower aperture a simpler construction Is 
usually adopted than that needed to give good resuks at an 
aperture of f 2, and as a rule something, although mt very 
much. Is lost in the way of minimising the zonal spherical 
aberration. The results are along the lines of those already 
given for f 2 lenses. 

As far as (kpth of field Is amcemed near the centre of the 
field a rough ruk is this ; at tortures up to f 8 the orthodox 
cakulaUon of the depth of field gives results that are a very 
good approximatkm to the truth ; between f 8 and f 4 the 
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calculation holds very well for the lens stopped down to the 
largest but one aperture ; and for apertures from f 4 to f 1*5 
the calculation gives good results for the lens stopped down 
by two stops. 

For apertures outside the range where the old-style 
calculation holds good, and even perhaps for the largest 
aperture In this range, the only way to settle the depth of 
field is by direct experiment (pp. 260-264). 

Depth of Field in Practice 

Even that does not finish everything. What has been said 
above is for depth of field in the centre of the field. This, of 
course, Is Important. But equally important is the depth of 
field away from the centre of the negative, the depth of field 
In the foreground and background of the principal subject. 
There are two comments to make on the value of the 
orthodox calculation In this respect. 

In the first place the depth of field calculated as on pages 
66 and 69 holds good If the lens brings all rays to a point 
focus, and If away from the centre of the negative the lens 
still passes the same amount of light. In actual fact It does not 
do so. As explained more fully on page 254 the lens aperture 
is effectively less when the Image point Is away from the 
centre of the field, except In some special cases. This tends 
to Increase the depth of field. 

In the second place there are two types of definition away 
from the centre of the field, as explained in the sealon above 
dealing with astigmatism. Either radial or transverse lines 
may be better in focus when the plate Is moved from Its ideal 
position. In a 2 inch fl lens the shift of one of the images 
planes from its ideal position may amount to .003 Inches to 
.004 Inches, and the separation between the two may be 
.(X)8 inches. This Is just the Image separation demanded by 
the depth of focus calculation, and it naturally affects the 
validity of the depth of field calculation. By the time that 
the lens has been stopped down to f 8 the depth of focus 
separation between the images has gone up four-fold, but 
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the separation of the astigmatic Image surfaces Is unchanged 
and has much less Influence on the validity of the calculation. 

As far as average definition is concerned, the values ob- 
tained from the central field calcuiation. taken In conjunc- 
tion v/lth the remarks relative to this given above, give a 
moderately good approximation to the truth. The definition 
is of too complicated a nature, with the entry of astig- 
matism and vignetting (although the latter Is small over 
most of the field) to say anything more precise. 

Depth of field tables have been of great use to photographers 
for many yeors, but their limitations must be realised. These 
are mainly connected with large aperture lenses. The early 
ideas and most of the present ideas about depth of field 
date from the days when an f 7.7 lens was considered to be 
reasonably fast — apart from Petzval portrait lenses covering 
a small field. Things have changed since then and a modern 
lens can hardly be considered fast with an aperture below 
f 1.4 to f 2.5. The Influence that this change of lens aperture 
has had on the validity o{ depth of field calculations must be 
taken into account, and the reliability of depth of field 
tables for large aperture lenses must be Judged by what has 
been said above in this sectlofu 

Camera Lenses in Enlargers 

It Is a well-known fact that a fens that gives excellent results 
in a camera may give results In an enlarger that are definitely 
not first class. 

It is not exactly fair, however, to expect a camera lens to 
give results of the highest quality when It Is used in an en- 
larger. It Is working under quite different conditions from 
those for which it has been designed. 

The normal photographic lens Is designed to photograph 
objects at a considerable distance from the fens. It Is on this 
assumption that rays are traced through the lens, that the 
heights are noted at which these rays hit the various re- 
fracting surfaces, and that the deviations which the rays 
undergo at each of these surfaces are m^ured. And the 
aberrations depend on these, 
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At the various lens surfaces aberrations of all the types 
described earlier In this chapter are introduced, usually In 
very considerable amounts, much greater than the amount 
of any of them that is left In the lens as a whole. These 
aberrations that are introduced surface by surface have to be 
balanced against one another very carefully indeed to get 
the final correction of the lens. And this balancing is usually 
done under the prescribed conditions, namely that the 
object in front of the lens is at a large or Infinite distance, 
and that this fixes the Incidence heights and bendings at 
the various surfaces. The final correction Is sensitive to 
changes in these things. 

On p. 127 are shown the paths traced by two rays through 
a lens, one from a distant point on the lens axis, the other 
from a near point. The deviations between their paths 
through the lens are shown on an exaggerated scale. In 
actual practice they are much smaller, but still quite large 
enough to be significant and to affect appreciably the lens 
performance. The delicate balance of aberrations is upset 
and the quality of the lens performance is changed to a 
greater or less extent. 

Among other things the spherical aberration and axial 
chromatic aberration correction may be upset Taking these 
two only it is possible to design a weak supplementary lens 
to correct them If it happens that the camera lens is not 
giving the highest standard of definition when used at full 
aperture. A lens of this type was supplied for instance by 
Zeiss for use with the 2 inch f 2 Sonnar lenses such as are used 
on Contax cameras. It Is a more difficult job to take 
care of changes in any of the other aberrations, and if they 
are very heavy the lens Is not suitable for enlarging purposes. 

With a normal type of photographic lens the definition is 
maintained fairly well until the distance of the object from the 
front of the lens is seven or eight times the focal length of the 
lens. At closer distances the chances are, except In some 
Individual cases, that the definition falls off. This means 
that when using the lens to make enlargements satisfactory 
results should be obtained with a good camera lens for 
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enlargements with a magnification of six or seven diameters 
upwards. For lower degrees of enlargement the lens may 
not give really good definition without stopping down. 


Enlarging and Process Lenses 

For those occasions when the very highest performance is 
needed In enlarging work special lenses have been designed 
to work under these conditions. They are designed so that 
when the distance from the negative to the enlarging board 
Is about 4 times the focal length of the lens, when the lens 
is giving either a reduced size Image on the enlarging board, 
or a slightly enlarged Image, the lens correction Is estab- 
lished. 

The main aberrations to which special attention has to be 
paid In an enlarging lens are the chromatic aberrations, both 
axial and lateral, although the correction of the other 
aberrations has also to be maintained well up to the standard 
of the best photographic lenses. 

The focusing of an enlarger lens Is always done visually, 
and the region of the spectrum to which the paper Is sensitive 
is not that to which the eye Is most sensitive. As already 
pointed out this requires that to get good results the fens 
must be achromatlsed for these two regions. The chroma- 
tic correction is of such importance in process lenses that 
in some of them an apochromatic correction Is established. 

When the enlarger lens Is to be used in colour work, 
especially In the making of separation negatives, the lateral 
chromatic aberration must be very highly corrected, to a 
degree higher than that which c^en suffices In photographic 
lenses of the same aperture and covering the same fidd. 
When a lens Is used In a camera to phcx:ograph distant 
objects the spread of the spectrum may be quite small and 
less than that of the size erf the emulsion grain. When 
the same lens Is used for enlarging the spread erf the lateral 
aberration spectrum Is also enlarged and may very easily 
reach inadmissable dimenslcms. Hence the Importance of 
dealing thoroughly with lateral chromatic aberration — the 
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more since It cannot be remedied by stopping down the lens. 

The best way to deal with the way In which the lateral 
chromatic aberration Is enlarged Is to give some figures. It 
may very easily happen that a camera lens of 4 Inch focus say, 
when used between comparatively near objert and Image 
planes has a spectrum covering .0025 Inches. This means 
that If the lens Is used In an enlarger to give a ten-fold en- 
largement the spread of the spectrum Is one-fortieth of 
an inch. Such a spreading of the Image, which Is quite 
unaffected by stopping down the lens, would be quite fatal 
In exact colour work of any sort. 

And finally there Is one recent development that may 
emphasise also the Importance of the chromatic correction 
of a lens under enlarging conditions, and that Is the Intro- 
duction of variable contrast papers. 

The Problem of Variable Contrast Papers 

With ordinary papers the situation as regards chromatic 
aberrations and their corrections Is eased, as far as black 
and white work Is concerned, by the limited region of the 
spectrum to which the paper Is sensitive. In the deep blue 
mainly. The variable contrast paper depends for Its opera- 
tion on the fact that It Is sensitive to two regions of the 
s|>ectrum. It comprises In effect two emulsions, one of hard 
contrast sensitive to one region of the spectrum, and another 
of soft contrast sensitive to quite a different part of the 
spectrum. The lens Is used with filters which transmit 
light that Is a mixture of both regions of the spectrum in 
varying proportions, according to the individual filter used. 
As a result the enlargement Is given a mixture of hard and 
soft contrast In proportion to the amount of light from each 
region of the spectrum that the filter transmits to ft. 

The Importance of the correction of the chromatic 
aberration as far as using this type of paper Is concerned Is 
obvious. Lack of correction that might not be seen with 
normal black and white papers may show up as a relative 
displacement of the regions of hard and soft contrast. 
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While it may happen that a camera lens will give good 
results In an enlarger it cannot be taken for granted that it 
will do so. And the converse holds, it cannot be taken for 
granted that an enlarger lens v/lll give passable results in a 
camera. Each is best relied upon for the specific job for which 
It was designed. 

Definition and Stopping Down 

One topic to which a few words should be devoted Is the 
effect on the definition of stopping the lens down. 

The general rule is that as a lens is stopped down the definition 
it gives is improved. The size of the light patch given by 
any of the aberrations Is decreased as the lens aperture Is 
reduced, with two exceptions. Lateral chromatic aberration 
and distortion are completely unaffected by stopping down 
the lens. Spherical aberration and coma are mc»t rapidly 
affected by stopping down the lens, astigmatism is changed 
much more slowly. 

The net result Is that with lenses of apertures below about 
f 3 It can be taken as a safe rule tte there will be a pro- 
gressive improvement In definition as the lens Is stopped 
down. With lenses of higher aperture, up to f 1.4 and even 
larger apertures. It Is sometimes found that the definition 
improves as the lens is stopped down, say from f I.S to f 3, 
remains at this as the optimum definition that It can afford, 
until the lens Is stopped down to about f 6, and then fails 
off again. 

This type of behaviour is c^en passed off too glibly, as 
being due to diffraction, and ft Is worth looking Into the 
matter rather more closely at this stage. 

Diffraction 

There are two opposing tendencies at work that map out 
the behaviour of light. The first Is the fact that light tends 
to travel In straight lines along the so-called rays of light, and 
as a result of this to form sharp and well defined shadows. 
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The second tendency is for the light to spread round the 
edges of any obstacle casting a shadow, to curl round and 
give a shading at the edge of the shadow so that this latter 
is no longer clear cut. For instance under carefully arranged 
conditions it is found that at the centre of the shadow of a 
disc, such as a sixpence, there Is a bright spot of light pro- 
duced by the light that spreads round the edge of the disc 
This was first deduced on theoretical grounds and seemed 
to mean the end of that particular theory, but It was later 
checked by experimental work. 

The spreading of light at the edges of an obstacle is known as 
the “ diffraction ” of light, or simply as ** diffraction,** 

In the vast majority of photographic phenomena the 
diffraction of light Is not of major Importance. The size of 
the effects it produces Is so small In general compared with 
the effects produced, for instance, by the aberrations of a 
lens used at full aperture, that It can be left aside. But there 
Is one Important feature about diffraction that has to be 
taken Into account, and that Is the faa that as the lens is 
stopped down the size of the diffraction effects Increases. 

Neglecting all lens aberrations and assuming that it is per- 
feet, then because of the diffraction of light the lens produces, 
not a point image, but a disc of light in the centre of the negative, 
the ** Airy disc,** the diameter of this is given by the formula : 

Diameter = .000045 x (Stop number of lens) Inches, For 
instance with any perfect f 4 lens the diameter of the Airy disc 
when the lens is working at full aperture is .0()0045 x 4 = 
.00018 inch. 

Stopping down the lens and so Increasing the stop number 
of the lens means that the diameter of the Airy disc is in- 
creased, and It is this fact that has sometimes been seized 
upon to account entirely for the falling off In performance 
with decreasing aperture. But against accepting this ex- 
planation completely there are some further facts to 
consider. 

In the first place the effect Is not Invariably found even 
with short focus on large aperture lenses. For example, the 
earliest 2 Inch f 1,5 Zeiss Sonnar cannot be stopped down 
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below f 1 1 , but the 2 Inch f 2 Sonnar can be stopped down to 
any required aperture without upsetting definition. In the 
same v/ay the Kodak 45 mm. f 2 Elaar, the Dallmeyerfl Super 
S/x, and the TJ.H, Cooke Series 0 f 2 can be stopped down to 
f 16 and lower apertures. If the effect were due to diffraction 
alone the limitations that it puts on lens performance should 
be universal, and not varying from lens to lens. 

In the second place It is dten noticed that the definition 
on an overexposed plate Is of lower quality than that on a 
correctly or underexposed plate especially when an emulsion 
of moderate or hard contrast Is used. Part erf this is due of 
course to such things as scatter within the emulsion (^), 
but It cannot be entirely attributed to this In ail cases. 
The light patch on the sensitive material may have quite a 
complicated struaure owing to the balancing of aberrations, 
as already explained. Added to this is the light distribution 
ov/Ing to rays which undergo two reflections at air-glass 
surfaces in the lens. 

With the lens at full aperture, and with correct or In- 
sufficient exposure the fainter f«uts of the light patch do not 
register, no matter what their origin. When, however, the 
lens is stopped down, the l^lance of light distribution may 
change. For Instance, there may be a ghost image formed by 
reflection at two of the surfaces, which Is not too far out of 
focus, and which has, say. rather heavy spherical aberration. 
With the lens at full aperture, the contribution of the light 
in this ghost image may be swamped by light from the 
marginal parts of the lens aperture. But on stopping down 
the lens the balance may be change, and the contribution 
of this ghost may be appreciable. This seems to be the case, 
for instance, in the earlier 2 Inch f 15 Soniwr lanes, where 
the contribution of the ghost Image In the centre of the field 
restrict the exterrt to which the lens can be stopped down, 

(I V Scatter within the emubk>n. etc.. Is dealt with In another volume 
of this Manual. OeYeht>mg : The Negathte Technkfue by C. f. Jacobsm 
(Focal Press), and reference should be made to this for that particular 
aspect of d^nition. 
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and still give satisfactory definition. The intensity of the 
ghost is considerably reduced by coating the air-glass sur- 
faces, and a Sonnar lens treated in this way can be stopped 
down further than an untreated lens. 

The variation of one aberration must be regarded when 
considering stopping down a lens, namely of axial chromatic 
aberration. In most lenses the axial chromatic aberration of 
the innermost zones of the aperture is left under-corrected 
to counter-balance the variation with colour of spherical 
aberration. The correaly balanced outer zones at full 
aperture send so much light to the sensitive material, that It 
over-shadows the under-correction of the inner zones. 
Removing this outer-zone light by stopping down the lens, 
leaves the chromatic under-correction which may become 
apparent with critical examination of the image normally 
associated with stopping down. 

As a rule It is only with extreme aperture lenses that 
trouble is encountered on stopping down. It may be met with 
in lenses of aperture f 3 or f 4, but only in traces, and should 
not be troublesome as long as the lens is not stopped down 
so far that the diameter of the Airy disc due to diffraction 
becomes appreciable. 

Diffraction is of importance where enlarging Is concerned, 
because the demands on lens performance in making critic- 
ally sharp enlargements are such that attempts are made to 
meet these demands by stopping down the lens to the point 
where diffraaion rather than aberrations limits its per- 
formance. The light transmitted by an enlarging lens under 
these conditions spreads out into a diffraction disc on the 
enlarging easel. If the degree of enlargement is M diameters, 
and the lens Is working at fN, then the diameter of the light 
patch Is N X (M + I) X 0.000045 Inches. Thus for a lens 
working at f 22 givi ng a ten-fold enlargement, the diameter of 
the diffraction patch is approximately 0.0 1 Inch, which gives 
an appreciable degradation In the quality of the enlargement 
If this is critically examined. Note that the diameter of the 
diffraction patch depends only on the f number, and not 
on the focal length of the lens. 
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BASIC LENS TYPES 


Primitive Lenses 

The simplest kind of lens Is a burning-glass, a piece of 
glass polished on both sides to convex spherical surfaces. 
This is useless for all but tne crudest type of photography. 
As a lens It suffers heavily from every type of aberration, 
and In particular from spherical aberration and axial chro- 
matic aberration, both of them strongly under-correaed. 
In other words the rays through the edge of the lens come 
to a decidedly shorter focus than do the rays through the 
innermost zones, and the blue image is much nearer the 
lens than the Images formed by yellow or red light. 

ft Is possible to alleviate the spherical aberration somewhat 
by making the lens nearly convex and piano, that is with one 
surface of convex spherical shape and the other practically 
plane or flat. This do^ nothing to help the axial chromatic 
aberration. 

Such a lens can be used, In the form of a spectacle lens 
for instance, with a crude fc«*m of camera provided that It Is 
stopped down to about f 16, that critical definition is 
not required (the standard definition given then Is about 
that of a snapshot with a cheap camera), and that no visual 
focusing Is attempted. The definition In the field away from 
the centre of the negative is poor compared even with the 
central definition given by such a lens. 

The best compromise with a single glass knSf sack as tmd 
in cheap and simple cameras is to use a nmiiscm either 
with the stop behind the kns or in front of the ims as shown 
on p. 14S. Vivien the a{>erture ^x>p Is ^ a suitable distant 
from the lens, astigmatism and coma can be reasonably well 
correaed. Spherical and chromatic aberrations, distortion 
and field curvature remain unoarrected and the lens can 
only be used at very small aperture stops. Such lenses cannot 
be considered in any way where serious work is concerned 
but they can give satisfactory results on cheap box cameras. 
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The next type of lens In the order of simple and primitive 
construction is a compound lens corrected for achromatism 
and spherical aberration. It Is possible by a judicious choice 
of glasses to obtain quite a good correction for coma 
with this type of lens, but in spite of this such a construc- 
tion has not been used appreciably for photographic lenses. 
The main troubles are still astigmatism and distortion. 

What was used extensively during last century was a lens 
consisting of two identical doublets with a stop between 
them as shown on p. 143. This is the “ R-R or Rapid- 
Rectilinear form of lens, invented by Dallmeyer and Steinheil in 
England and Germany respectively. With such aconstruaion 
coma, distortion and lateral chromatic aberration are very 
thoroughly corrected, and by a suitable choice of glasses for 
the lenses astigmatism, as defined in the previous chapter, 
is removed. Axial chromatic aberration is also correaed. 
What remains is to correct the lens for spherical aberration 
and pure curvature of field. This cannot be done entirely. 
The spherical aberration correction in particular limits the 
lens to a maximum aperture of about f 8. The field curvature 
can be artificially removed by Introducing astigmatism as 
explained In the previous chapter, but to do this means 
introducing a considerable amount of astigmatism, much 
larger than that found In any modern anastigmat. While 
a coma-free field of about 40® total angle can be obtained 
the astigmatism or curvature of field, whichever is left In 
the lens, softens the definition considerably in the outer 
regions of the field. 

The lenses described above, together with Petzval lenses 
described below, did sterling work in the early days of 
photography. But to-day neither rapid-rectilinear lenses nor 
single glass lenses can be considered where serious work 
is intended. The standard of definition or speed demanded 
of, and supplied by, a modern anastigmat far surpasses that 
which sufficed when these were standard lenses. They now 
belong to history. Second-hand R-R lenses are, however, 
quite useful when a ch^p lens Is needed to cover only a 
small field with an aperture of f 8 to f 1 1. 
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Above : The rapld-rectlllneir Jens consisting of two dooWet members 
svmmetri^ about a central stop can now be rqfarded as obsolete 
(p. 1«). 


PRIMITIVE LENSES 
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Petzval Lenses 


The original Petzval lens was designed by the Hungarian 
Joseph Petzval in 1840, and was intended as a portrait lens 
with the large aperture, for those days, of anything up to 
f3. its construction is shown on p. 145, PI. The basic design 
remains the same at the present time although there have 
been, of course, numerous detailed changes made to obtain 
a standard of definition more in line with modern require- 
ments. 

Essentially it consists of two sets of lenses, each set separately 
achromatised, with a comparatively large separation between 
them, in some cases a stop Is placed between the two sets, 
but in the majority of cases this is dispensed with. 

The Petzval lens is still in use to-day as a photographic 
lens. At one time variations of this construction were used 
as portrait lenses having the characteristic of sharp^definitlon 
in the centre of the field falling away towards the edges. 
More recently this form^has been largely superseded by 
modern constructions covering wider fields of view and 
yielding the required amount of softness of definition evenly 
over the field. 

This form of lens has been modified to make good use of 
modern glasses and several lenses are now in use on 8 and 
16 mm. movie cameras where the rather long overall 
length of this type of lens is not a serious disadvantage. The 
relative aperture of this construction can now be increased 
to about f 1 .5. 

Projection Lenses : The lenses just mentioned are 
correaed, of course, for photographic work as far as 
chromatic aberration Is concerned. But the vast majority 
of Petzval type lenses now on the market are intended as 
projection lenses, and are corrected for visual use only, as far as 
chromatic aberration is concerned. They are not suitable 
for this reason as photographic lenses. It is important to 
notice this, because if it is not taken into account the Petzval 
type of projection lens, with its wide aperture, and In 
many cases comparatively low price, may seem a tempting 
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The diagram P2 of a Dafimeyer 
8 mm« cir^ lens imlkates how the 
original Petzval fer» PI can be 
modified to give improved per- 
formam^ P3 and P4 are moNi^l- 
cx^om of an early form of micro- 
scope oi^ecxive which H d^sifled 
under this heading. They are 
applied largely to dne lenses. PS, 
as exemplified by certain Aidis, 
T.T. & H., and Wol/ensoJc projec- 
tion lenses. Indicates a hybrid 
between PI and P4. 



PETZVAL TYPE LENSES 
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bargain. It Is possible to use a projection lens as a photo- 
graphic lens to cover only a small field provided that a filter 
is used that completely cuts off the blue end of the spectrum 
and a good part of the red. This means, however, that the 
total light passing power of the lens Is drastically restriaed 
even when a panchromatic plate is used, and so to all 
Intents and purposes the effeaive aperture is cut down. 

Petzval type lenses are made to-day for projection 
purposes in apertures up to about f 1.6. The projection 
services to which the lenses are put are mainly: (I) Slide 
projection as in epidiascopes and projectors of various types. 
(2) Miniature slide projection of coloured and black and 
white transparencies of standard miniature size, /.e., 24 x 36 
mm. (3) Projeaipn of 1 6 mm. and 8 mm. film. (4) Projection 
of standard 35 mm. professional film. There are other 
specialised uses, as in reading micro film, but these can 
safely be left out of this book. The main uses are those 
mentioned. 

Covering Power: The methods of working out the equivalent 
focal length of the lens, needed to give a specified size of 
projection on the screen, are described on pages 57-58. 
They give no Information at all as to whether the lens 
will provide sufficiently good covering power over the 
slide area needed, nor are they intended to do so. 

With Petzval type projection lenses the general rule is 
that the larger the aperture the smaller the field that is 
covered (this Is in feet a general rule about the performance 
of any type of lens construction). 

Lantern Slides: The standard size of the frame projected 
in the lantern slide is about 3 Inches x 3 inches, with a 
diagonal of close on 4^ inches. The minimum focal length 
of Petzval lens that can handle this diagonal comfortably 
is in the neighbourhood of 8 inches with an aperture of 
about f3 .5. Diagram P5 on p. 145 shows a lens of this type 
which differs from the conventional form in having no pairs 
of glasses cemented together. A certain amount of light is 
lost at the extra glass-to-air surfaces but against this is set 
the fact that there is no chance of any cementing balsam 
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ageing under the effects of the heat from the lamp that Is 
concentrated upon it. Lenses of more than 8 inches focal 
length, and the same or smaller aperture, will naturally 
cover the area of the slide rather more easily than the 8-Inch 
lens as they are working with a smaller angular field. 

In conneaion with this ft may be remarked that in many 
cases, with a lens of the type just described, the relative 
aperture of the lens Is not engraved upon the mount. 
This Is a practice that has survived rather too long and 
should be discouraged. In any case with a Petzval type 
lens It Is as a rule a simple matter to determine the numer- 
ical aperture. There is usually no complication of Internal 
stops or irises cutting down the effective aperture. All that 
has to be done is to measure the clear aperture of the front 
glass and divide this into the focal length. For instance If the 
lens has a focal length of 8 Inches, and the clear aperture 
of the front glass Is 2.16 Inches, then the f number of the 
lens Is 8 -h 2.16 = 3.7 near enough, the aperture Is 
f 3.7. The Importance of the f number as fcir as brightness 

projection is concerned Is d^t with on page 329. 

One related topic when dealing with this dass of lem, 
namely the slide projection lens that finds Its way Into 
Instruments such as epidiascopes Is the type df lens 
available for episcopic projection. (Diascopic projection 
is that in which a transparency such as a lantern slide is 
used and the light from a lamp and condenser system 
goes through it to a projection lens. Episcopic projection Is 
that in which an opaque objea Is very brightly lit and the 
light scattered from Its surface Is picked up by a lens and pro- 
jected Into an image on the screen.) The normal size of lens 
used in an epidiascope for episcopic projection, and one 
which covers a reasonable field. Is b^ween 14 Inch^ and 20 
inches focus with an aperture of about ^4. In this size of lens 
it is usually much cheaper to make it of anastigmat construc- 
tion in the form of a Cooke Triplet A lens of 14 Inches to 
20 Inches focal length of Petzval construalon is usually 
of lower aperture than f 4, and Is not so fitted for use In 
an epidiascope as the fester anastigmat type. 
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Miniature Slides: Petzvaf type lenses find their uses 
also In miniature projeaors for 36 x 24 mm. size slides. 
In this work the aperture extends up to about f 3.2. With 
such an aperture the smallest focal length of lens that can 
give good definition over the whole of the frame of the 
slide is between and 4 Inches focus. Larger focal lengths 
with the same or smaller apertures, as mentioned above, 
will cover the required area and provide satisfactory 
definition, as they are covering a smaller angular field as the 
focal length Increases. 

When a shorter focal length of lens than about 4 Inches 
Is needed for miniature slide projection, because of the 
requirements of throw from projector to screen and size 
of projection, an anastigmat construction of lens should 
be used. Details of various forms of anastigmats are given 
In the next two sealons. Modifications of some of them 
are used as projection lenses when the covering power 
needed Is greater than the Petzval construalon can 
afford. 

Many of the projection anastigmats are straightforward 
Cooke Triplets achromatlsed for visual use, especially when 
the aperture Is not larger than f 3 and the focal length not 
less than about 2^ to 3 inches. For larger apertures more 
complicated constructions are needed as in the Le/tz 8.5 
cm. f 2.5 Hektor for use in the le/tz miniature projector. 

In many cases the miniature projectors used are adapted 
to take miniature camera lenses of 2 Inches focus and 
upwards, but these latter belong to the later section of this 
chapter as they are primarily photographic lenses, and only 
Incidentally projection lenses. And In passing it may be 
noted that the nature of the chromatic correction adopted 
In the respective cases of photographic and projection 
lenses means that, whereas a photographic lens can be 
used satisfactorily for projeaion purposes, a projection 
lens cannot be used equally well for photographic purposes. 
The visual chromatic correction is usually adopted for 
projection lenses. 
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And a word of warning may not be out of place. Caution 
should be exercised In using a treasured miniature lens 
In a cheap or badly designed miniature projeaor. In many 
lenses there are pairs of glasses cemented together with a 
transparent cement of Canada balsam. Any maladjustment 
of the condenser system that permits of fight from the 
projection lamp, from which heat rays have only been 
Imperfectly filtered, coming to a focus near the cemented 
surfaces may cause this balsam to harden in time, to 
become discoloured, and to spoil the definition of the 
lens for miniature taking work. 

16 mm. Film: The Petzval type of lens finds a ready 
application In the projection of 16 mm. and 9.5 mm. 
movie-film. Lenses for this type of work range In focal 
length from f Inch to about 4 Inches, and have apertures 
up to f 1.6. The shorter focal lengths are intended for the 
9.5 and 8 mm. films, and should not be attempted on the 
16 mm. film except In slightly slower apertures, up to 
about f 2.1. The fester lenses are of special value where 
colour films are concerned as these latter arc not usually 
so transparent as black and white films. 

35 mm. Film: Petzval type lenses arc used exdustvely 
In cinema projection work where front projection 1$ 
concerned. They are available In focal lengths from 4 Inches 
upwards, with steps between each focal length erf J Inch. 
The maximum apertures are about fl.9 for the shorter 
foci, and f2.7 for the longer foci. A characteristic of the 
fastest types of this kind of lens Is the step In the barrel 
and the short clearance between the back lens and the 
film gate. See P3 and P4 on p. 145. 

Where back projection Is required In dnema work* with 
the projector placed behind the screen, short focus lenses 
have to be used. These are of anastfgmat construction 
usually of a complicated type, for example of the Speed- 
Ranch ro or Pentac constructions, as described in the next 
sections, with the possible modification in the case of the 
Speed-Panchro construction that the curves on the glasses 
usually cemented together may be changed so that the 
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lenses are no longer cemented but touch one another at 
their edges. This means that there is no danger of any 
cement ageing under the Influence of the heat of the arc. 
Lenses for this type of work are available in focal lengths 
from I inch to 2J inches, and with apertures up to fl.8. 

A recent projection lens by Aldls is referred to in a later 
section. This is of the telephoto construction and has the 
advantage that a long focal length can be used with a small 
extension of the lens mounting. It also permits the use of a 
universal condenser lens system which is suitable for more 
than one focal length of projection lens. 

Radiography, One further use that the Petzval type of 
lens has been put to is in connection with very fast lenses 
such as are needed in photographing X-ray fluorescent 
screens, in producing moving pictures of processes Inside 
the human body, and in photographing traces on the 
screens of cathode-ray tubes. These are essentially photo- 
graphic lenses not projection lenses. The extremely wide 
apertures necessary for this work have been achieved by 
the addition of extra lens elements to the basic Petzval 
construction and apertures of about fO.8 have been produced 
by Taylor, Taylor & Hobson, Zeiss and others. These forms 
are designed specially to suit particular requirements of 
magnification, field and colour correction and are therefore 
not usually listed in manufacturers’ catalogues. 

To sum up the general characteristics of the Petzvo/ and 
modified Petzval construction this can be said: the construction 
readily lends itself to the production of lenses of large 
aperture, with a moderate degree of freedom from all comatic 
effects, but the field is limited by the heavy curvature of peld 
or astigmatism put in to obtain an artificial flattening of the 
field. The larger the aperture the smaller the field covered. 
The larger aperture 4-inch focus cinema projection lenses 
Just manage to cover the area of the 35 mm. film frame. 
Most Petzval lenses now available are Intended for projection 
work and are not suitable for photography because of the colour 
correction. Photographic Petzvals available are Intended for 
portrait work, where a softening of definition towards the 
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corners of the negative gives a more diffuse background, not 
considered a serious defect for this type of photography. Short 
focus lenses are also available for 16 and 8 mm. movie cameras. 


XXII^PETZVAL LENSES AND ALUED TYPES 


Maker 

Name of Lem 

Focus 

^F)eftiire 

Fkid Corned 

Dhgrvm 

Agfa ... 

... OctMar K 

20-50 mm. 

fU 

8 & IS m^m. 
dm 

P4 

... 

... Pro)*cdofi 

4-ain. 

m 

- 

B 

Ddimeyer 

... Onelma 

13 mm. 

ns 

8jiioi.dm 

P2 


Qm (Mts 

r-3in. 

fl.9 

8& ISmiik. 
dm 

PI 



1-4 ku 

n.5 

8 & IS mm. 

P4 




Ro«» ... 

.. Rossfcocs 

3i-7*in. 

f2Jl-3 

35 mm. dn* 

P4 


Rosslyca 

3f-7lii. 

fl.9 

35 mm. ctn« 

P4 

T.T. & H. 

OimProj. 

I>4ifi. 

fI.6-2J 

8 & IS mm. 

P3 





dim 



Smitd 

lik. 

fl.9 

Sunil, ckm 

P4 


TcM 

2^ 

fZ. 

IS nua. ckw 

PI 

Tewe ... 

Tdafon 

125-300 mm. 

fZ5^X2 

8,IS,a^mm. 

PI 


Tdteccm 

30O>S00mm. 

fJS-S 

24 X 3Smm. 

PI 

Welfemak 

... Ciim Raf»tsr 

13 mm. 

n.9 

i mm. ckm 

P5 


Cin« Raptar 

38 mm. 

fl^ 

8 mm. 

P3 

Wrof 

... C*it« Unilite 

4-SIn. 

fl.9 

35 mm. dn« 

P4 

Zd» ... 

... KIproTMtr proj. S0-7S0 mm. 

ns 

35 mm. dim 



Symmetrical Lens^ 

The vast majority of phc^ographlc lenses to-day are 
logical developments of two main types, the symmetrical 
lens, and the Cooke Triplet H. D. Taylor. There are, of 
course, cases where It is difficult to say from which basic 
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type a particular lens has been derived, and in what follows 
a certain arbitrary element of choice must enter where such 
lenses are concerned. And although some lenses may be 
said to be derived from these basic lenses through a gradual 
development of the latter it must not be taken for granted 
that the actual development did not take place in this way. 
The development of better lenses is not a process that goes 
on in a rigorously logical way. Various advances are made, 
but often it seems that a backward step Is being taken. 
In spite of all these facts the relating of lenses to the types 
mentioned is the best and easiest way of classifying them. 

The simplest form of symmetrical lens is the rapid- 
rectilinear already described. The earliest development 
of this type into a lens approaching the modern standard 
of performance was made when new glasses were discovered 
at Jena towards the end of last century. In fact it was only 
the discovery of these glasses that made possible the con- 
struction of a symmetrical anastigmat. 

The great virtue of the symmetrical lens construction 
is the almost automatic correction for coma, distortion, 
and lateral chromatic aberration. One set of glasses really 
furnishes a lens with a stop behind it, and the other set 
a lens with a stop in front of it. Each of these contributes 
coma, distortion, and lateral chromatic aberration of the 
same amount but of opposite signs or directions, provided 
— ^and it is an important proviso — that the object and its 
image are at the same distance from the lens, as happens 
in full-size copying work. When the lens is used with the 
object at a considerable distance from the lens as is normal 
in photographic work this automatic balancing of aber- 
rations is no longer obtained. But the lack of balancing 
that is now introduced is not responsible for more than a 
trace of any of these aberrations appearing in the lens. 
What coma, distortion and lateral colour are Introduced 
by the change from'^copying to normal conditions can be 
removed by making slight changes to the curves of one set 
of glasses while retaining the other set unchanged. In the 
majority of the lenses mentioned below it will ^ taken for 
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The early form of symmetrical 
lens S! is still nmde to^ay as the 
Ross Homocentrk and it has formed 
the basis of the wide angle lens^ 

W2 and W4 shown on page 173, 

The well-known Dagor construc- 
tion S2 has been elaborated by 
Ross, Berthiot, Steinheil and others 
In the form shown in S3. The form 
S4, for instance In the Dallmeycr 
Sp^ Anost/gmot represents a 
more unusual variation of the 
symmetrical type. S5 indicates 
tne construction the T.T. St H, 

Speed Panchro lens whldi vras in- 
troduced in 1920. This the most 
Important iet^ shown on this page 
and it has been adopted and 
borated by nearly Jtl lei» nmnu- 
facturers In rec»nt years. Some 
of its many vartetkMw are shown 
on following pages. 

SYMHETRICAL 
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All these forms are direct deriva- 
tives from the Speed Panchro con- 
struction shov/n previously in S5. 
With the exception of S7 the rela- 
tive apertures of these lenses have 
been taken to f 1 .4 or f 1 .5. Exam- 
ples are the LettzSummarit (S6),the 
Kodak Cine Ektar (SB), the Dall- 
meyer Septac (S9), the Voigtiander 
Nokton (SIO) and the Leitz Summa^ 
rex (Sll). S7 shows the shape of 
the Leitz Summitar and more 
recently the front two pairs of 
elements of this lens have been 
uncemented and all curvatures 
amended. This modification has 
been Introduced by Leitz In their 
Summicron lens. 

SYMMETRiCAL LENS DERIVATIVES 
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Furth^ daborxtkm from th« 
ba^ Speed Pandiro constnictkm 
leads to designs like the Berthk^ 
Onor (SI 2), Yoigtiander Ultron 
(SB). Meyer Makro-Plasmat (SI 4). 
Wroy Uni//te, Zeiss Biometar (SI 5), 
Zeiss Planar (SIS), and the Ange- 
nieax fO.95 cine lens (SIT). Some 
of these indicate the advantages 
of surface treatment to reduce 
refleaion and loss of light 
at glass-to-air surfaces. Many of 
th^ coi^ructlom and those on 
other pages of th^ section reiy on 
the incrased numb^ of mtdt 
surfaces to adilevc Improved per- 
formance. Useful light trans- 
mission and freedom from flare 
charactcrfetlcs can only be ob- 
tair^ by means of tl^ coating 
technh^ue. 



SYMMETRICAt LB4S D€RrVATIYES 
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granted that this change has been made even if it is not 
specifically referred to» and since it does not appreciably 
upset the symmetry of the constructions they will still be 
referred to as symmetrical lenses, although In fact they 
depart slightly from this precise balancing. 

When new optical glasses were introduced in Germany 
at the end of the last century it became possible to correct 
the field curvature of the Rapid Rectilinear type of lens. 
Unfortunately, the glass characteristics which permitted this 
correction prevented the correction of spherical aberration, 
and relative apertures therefore had to be severely restricted 
in these early anastigmats. Simultaneous correction of field 
curvature and spherical aberration was achieved by a com- 
bination of the old and new glasses in more complicated 
systems in which the two doublets of the Rapid Rectilinear 
type were each replaced by triplet, quadruplet or even 
quintuplet combinations. Many of these forms were de- 
veloped in Germany and they have become known as the 
Continental Type. Although spherical aberration was cor- 
rected in these forms, residual zonal spherical aberration 
still limited relative apertures to about f5.6. Variations of 
these forms In use as wide-angle, convertible and process 
lenses are described in later sections. 

Ross Homocentric: This fens can be regarded as a logical 
development from the Rapid-Rectilinear or R.R lens already 
described. The lenses which previously were cemented 
together in the R.R lens are now separated from one 
another and their order interchanged. The curves which 
had to be the same in the R.R. so that the glasses could be 
cemented together may now be different. Greater freedom 
is allowed to the designer, and advantage has been taken 
of this to produce an anastigmat with a vastly better field- 
curvature and astigmatism correction than that of any R.R. 
lens, while at the same time a comparatively small amount 
of zonal spherical aberration remains In the lens. The 
construction is shown on p. 153 diagram SI. Although the 
construction of this lens approximates to that of one of the 
wide-angle lenses described later, the Homocentric is not a 
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true wide-angle lens. Some covering power has been 
sacrificed to obtain the quality of performance over a more 
restricted field. In spite of this the lens has a covering power 
rather larger than a number of lenses based on other designs, 
and with the conventional size of plate, with a diagonal 
equal in length to the focal length of the lens, It is very 
suitable for use with a rising camera front, A virtue of this 
lens, as of many others of symmetrical construction, Is that 
either half can be used alone with a small stop to give a lens 
of greater focal length. The corrections are well-maintained 
down to small distances of the object so that the lens Is quite 
suitable for enlarging purposes. 

T.r. and H, Speed-Panchro: The Speed^PaiKhro type of 
Taylor, Taylor and Hobson, introduced in 1920, played a great 
part in ushering in the era of really fast lenses. While not 
exactly a symmetrical lens it possesses a high degree of 
symmetry. The construction Is shown In diagram S5 on 
p. 153. It can be regarded as derived from a symmetrical 
lens with three glasses In eadi cenoented group, from 
each group of which a pair of cemented glasses hswe been 
separated and the curv^ then dtanged. The aperttii^ of 
this lens as first designed was fL The Zeiss Bhtar lei» 
is also of this construction, as are many other Important 
makes of f2 lenses. The development of this basic construc- 
tion can be classed as one of the major advances of the last 
twenty years. The especial virtue of such a type of lens Is 
that it allows of a really beautiful central definition, following 
from the fine correalon of the zonal spherical aberration 
and sphero-chromatism, i.e., variation of spbedcai aberra^ 
tion with the colour of the light. 

With regard to this lens It Is Important to noti<^ tk^ two 
quite distinct types are made. O^e is Intend^ spedfiaJty 
for 35 mm. film work and the astignnatism, coma, etc, are 
corrected for this region without rderence to what happens 
beyond it. The other is intended for normal photographic 
use In which the diagonal the plate Is equal to the focal 
length. The two typ^ are not Interchangeable. 

Lenses of this last type have been made with apertures 
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tip to fl3, and a development of this construction, In 
particular by Tayhr, Taylor and Hobson, in which the back 
crown glass is split into two glasses has taken the aperture 
up to fL4. There are c^her modifications of this design 
also to make it suitable for special jobs. For instance, in 
using such a construction In a projection lens for rear- 
projection in cinemas, the glasses that are usually cemented 
tc^ethcr are slightly separated and their curves changed 
to eliminate the chance of damage from the heat of the 
condensed arc light as explained previously. 

The high degree of correction which is possible with the 
^>eed-Panchro construction has provided a most useful basis 
for further development and part of this story is Indicated 
on pp. 153-5 and in table XXIII on p. 159. It will be seen how 
the basic Speed-Panchro construction shown in diagram S5 
on p. 153 has been amended in various ways to meet different 
condli^>ns cf use. In considering these, and variations of 
otter types of lenses, it should be borne in mind that some 
of the variations are due to attempts on the part of manu- 
focturen to evade patent protection. It does not follow that 
the most complicated lens Is necessarily the best for any 
particular purpose. Whilst a large number of design 
variables can assist the d^igner to achieve a higher a>rrec- 
tkm of aberration, the light lost and scatter due to thick 
omipoimits and a lai^ number of glass-to-afr surfaces can 
be serloiis. 

To mn ¥dHit has bmt said about symmetrical lenses: 
the pr/mft/ve types, deYel(d>ed as the first onastigmats towards 
the end of last century after the discovery of the new Jena 
glasses, and consisting of two groups of cemented glasses 
each with three to five components, are useful up to about 
fSA But they are apt to be rather too complicated where 
such a moderate aperture is required. The Homocentric achieves 
a mful standard of performance with only 4 glass elements. 
The ^imhPanchro takes the aperture to f2 or flA and has 
formed die basis for furtim^ developments by a large number of 
mamftHXurm throu^KHd the world. 
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The Type of the Cooke Triplet 

* Wien R D, Tayhr de^rebped his Cooke Triplet In 1893 
a step was irarfe of the greyest Importance as far as the 
design and production of photographic lenses was concerned. 

H. D. Tayhr was with Cooke ami Sons of York, now Cooke, 
Trooghton and Simms, when the lens was designed, and It 
was produced by Taylor, Taylor and Hobson of Leicester 
under the name of the Cooke lens. An early form of this lens 
is shown on p. 161, diagram Tl. It represented a complete 
br^ from existing tradition, as represented at that date by 
fteyd lenses and early symmetrical anastigmats* 

H- D. Tayhr t^jcled the problem of field curvature from 
an entirely new point of view. He found that the curvature 
could be removed fay udl^ing a colleaive lens element 
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Diagram Tl illustrates or>e of the 
original Triplets invented by 
Dennis Taylor at the turn of the 
century. This development was 
perhapw the nrK»t important in the 
hbtory of the photographic lens 
and many of these oHginal forms 
are stili in widespread use today. 
The next four digrams show how 
this basic form Im led to other 
d^gns in v^hkh the sligle eie- 
ments of the triplet have bem 
replaced by pairs of etements or by 
more com^kated compound cwn- 
ponents. T6 indicates the use of 
unusmdiy thick lets elem^its. 
T4 is the w^Wcnown Tessar con- 
structiof} nw adopted by nearly 
aii l^is imnu^urers. 



rm COCMCE TfUPtET TYP£ Of LENS 
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More elaborate developments 
from the triplet form indude the 
Dallmeyer Pentac^ certain Kodak 
Ektars, the 0^4i^kir (T7) ; 
certain Sdmddor X&tars^ the 
StMmil (^mar (T8) ; the T.T. & 
H. bfotal (T9), the Le/tr HekU>r 
(T7 and TIO). and others. These 
variations, some perm^lng ap^- 
tttres of f 1.4, empteise die im- 
portance of this family of Ibises. 

E€fUVATfVB OF 7m TRIPLET LEhfS 

la 



The comtructlof» cm thb 
cofttimie the wtorf erf the trt|^ 
T17 is the weM-knewm f 2 
Sotmar in the space betwe^ 
a frowt pair of coftecthre ekm^ics 
and the centrsd dispersfye eleniem 
has been htled by a ghiss of km 
nirxtbm Index. The res^lomt 
redticticm in the numb^ of gbis 
to sk" stir&ces was of grea* ad- 
i^ntage before the days m «irfoce 
treastment. 



MORE CeWLEX TRIPLET C^lUVATfVES 
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Th« flS Scmmir shown In TI8 
follo^ from T17 and Illustrates 
bow the change from a doublet 
rear component to a triple com- 
ponent has permitted the wider 
aperture of f 1.5, T20, as used In 
tne Biogon^ belongs to the same 
^b-dlvblon of thfe triplet group 
md is noteworthy lor Its com- 
bined wide Md of view and wide 
r^ive aperture. 


MORE COm^X TOPLET DERIVATIVES 


i64 



Japanese tens pro- 

(luted a number of ftirttier varte- 
tlom as sbowB In T23 to T25. 
These employ spectel Wsh-r«lr»o- 
tlve slaves and in thh way aditeve 
(mrtioiiady wNte ap^urei ; the 
most speoaoilar example b 
Fi^hmi fix m. The TX & R 
Tdi^tmofiro, T26, abo lolkww thb 
tmid wkh a kx-^4oa^ tens. 
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and a dispersive lens element separated from one another. 
Furthermore, by splitting the collective element Into two 
parts and placing a collective element either side of a 
central dispersive element, he had just sufficient variables 
to permit correction of all the other aberrations. 

The earlier forms of Cooke Triplet had apertures up to 
about f63. Modern typ^ are made with apertures up to 
f3 In moderate focal lengths, and up tofZS in focal lengths 
of I Inch and less such as are used in small movie cameras. 
Tliey are essentially normal lenses and Just suffice to cover a 
plate with a diagonal equal to the focal length. 

Prior to the invention of the Speed-Fanchro lens (p. 157) 
the Cooke Triplet formed a much better basis for further de- 
velopment than the early forms of symmetrical lenses. 

The single components of the Triplet can be replaced by 
compound cemented components or by pairs of similar 
oompcments. Tte lens digrams on pp. 1 6 1-5 will give an 
litdloitoi of the present st^ of the art and the v/ay In which 
this fcrm tets b^n modified to provide improved perfor- 
mance at wider apertures. An arbitrary choice must be made 
In mentioning some of the better-known variants. 

T^mr Ims: One of the earliest important variations of 
die Tiipkt was the Tessar lens ^ploited so well by Zeiss 
prodtioed, wi^ minor modifications, by nearly every 
1^ nmiiifiictiirer. The T^sor is shown in digram T4 on 
p. iii aad cofit^iis a omaited doublet in place the rear 
a>fiipoinei^ of tfie Tripkt. The Te^r construction naturally 
ilbrefe bet^ definltkin tten the Cooke Triplet construction 
<wer the wne fkld, as the slightly more complicated (and 
more expensive) construction gives the designer greater 
liberty and a more delicate control in correcting the aberra- 
t^>fis. Pr^nt-day apertures extend up to about flS, with 
excellent definition and a rather flatter fleld than the Cooke 
T$pkt type of the s&me aperture. Up to apertures of about 
fSd ^ of a Tmsar construction Is somewhat of a 
Befotud a^)oc^ fiS the Tessor construction is to be 
pr e fa r tud If the extra wq>mse h warranted by die higher 
started of dbfei^loii i^brded. 
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In many cameras with between-Iens shutters of the 
Camf>ur type and carrying lenses of Tessar or Triplet con- 
struction, expensive focusing mechanisms have been avoided 
by not moving the lens as a whole but by changing its focal 
length. The separation between the first and second com- 
ponents is Increased slightly and this in turn decreases the 
focal length. Inevitably there is a certain loss of definition 
consequent upon altering the separation of the glassy. But 
by skilful design these changes erf definition can be kept 
within reasonable limits, and are not unduly troublesome in 
the actual use of the lens. Generally the lens is ^justed on 
the camera in such a way that the sejxiratlon yielding best 
definition will focus objects at a medium distance. This 
ensures that focusing for Infinity or very short distances does 
not demand considerable variations from the Ideal separa- 
tion. 

The Pentac lens developed by Dallmeyer and since modified 
by other manufacturers Is shown in diagram T7 on p. 162. 
It is a variation In which both collective components are 
cemented doublets. 

Diagrams T5, T3 and T2 on p. 161 show vaiittions in whidi 
the first, second and third components r^peaively have 
been split up into a pair of similar cc^nponents. The fir^ 
variation yields apertures up to fl.9 covering the comf^ra- 
tively narrow fields of view needed for cinematography. 
The second, first introduced as the Avlar lens erf Taylor, 
Taylor and Hobson, covers a plate diagonal slightly larger than 
the focal length at an aperture erf [4.5. The third variation 
provides sq>ertures up to flS ex>vering a pb^ diagemd 
rather less than the focal length. 

For some purposes, particularly amemg the faster ienses, 
the tv^ lin^ erf development, iHtilding up a compomm 
into a cemented group erf lens dements ar^ splitting up a 
com|x>nent Into two single tens den^ts, are combined in 
onelens. Several of these variations are shown on pp. 163-5. 
In the case of the Zdss Sonfmr 1^^ (diagrams T17 and T18 
on pp. 163-4), the rear component of the Triplet has been re- 
placed by a cemented group of lenses; the front component 
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has been split Into two single collective components and the 
space between the second front component and the central 
dispersive component has been filled with a glass of low 
refractive Index. 

To sum up what has been said about the Cooke Triplet and 
Its allied types; up to apertures of about f6.3, and over normal 
pelds where the diagonal of the plate covered Is equal to the 
focal length of the lens, the simple Triplet form Is quite adequate 
in the vast majority of cases. The Triplet can also be us^ up 
to apertures of about f2.8, especially in short focal lengths 
covering narrow fields^ and up to fLS in very short focal lengths 
suitable for 8 and 9.5 mm. nwvle cameras. In the region of 
f4S or fS.6 and upwards a better performance Is afforded by 
wsing either the Tessar or Aviar form although this type Is 
mrturally more expensive. Above fZS constructions vary quite 
consfderoWy according to the field of view and other factors 
cmd m hard <md fim rules can be laid down. 
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Wide-Angle Lenses 

What can be regarded as the normal field for a photographic 
lens to cover is a plate with a diagonal equal to the focal length 
of the lens. This means that the angle of the field Is about 
53°. Anx lens covering a field appreciably greater than this, 
say 65° or a diagonal about I J times the focal length, can be 
classed as a '* wide-angle lens.” Fields covered by wide- 
angle lenses go up to about 100°, or a plate diagonal about 
2.4 tim« the focal length of the lens, and it is mainly the 
type of lens giving this covering power that Is described 
by the term “ wide-angle.” 

The most important field of application of wide-angle 
lenses is one in which the r^rictions of space are most 
strongly felt, namely Interior photography of buildings. 
With the nornval lens only a restricted field can be taken 
with the distance between camera and subject permitted in 
indoor work. The extra field covered by the wide-angle 
tens is invaluable here. 

The value erf wide-angle lenses from the point of view 
of their providing artistic or flattering studies in indoor 
photography belongs to works on the aesthetic side of 
photography. All that can be noted here is that the wide- 
angle lens used In architectural work gives an impression 
of spadousness nc^ obtained with a normal angle of view. 
The effect is largely (Hycholofical. 

Pracdcalfy all m^em wide-angle lenses are derived from 
the early types of symmetrical lenses described before 
(p. 152). The simplest wide-angle, one produced by several 
manufacturers, is shown in diagram W2 on p. 173. With 
this lens the focusing is done, as far as any visual focusing on 
a screen is concerned, with the lens at an aperture of about 
f6.3 to f7.7. The definition in the field at this aperture is 
quite good enough for composing the picture on a focusing 
screen IwJt not quite good enough for photographic work. 
The light pa«di away from the centre of the negative consists 
of a hard bright core with a coma tail or halo sufficiently 
intense to print on the plate. The focusing is best done then 
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These lens lonrn are tmiy when 
wide-angle hete of view are 
required. The s)rmmetrkad type 
of lens h ustndly adopted for dils 
purpose and the d^tgrams S2 as>d 
S3 under the symmetrkai type 
group (p. 15^ are also whl^ 
«aed. 
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at or neiLT to the centre of the negative where these light 
flairs are not pronounce<l. The actual exposure is taken at 
fl I, at fl^ or smaller apertures. When the lens is stopped 
down to this aperture the tails of light disappear and only 
the hard and compact core of light remains to be recorded 
on the plate- The point making the aperture for focusing 
f63 in place crffi 1 or fl6 is to make the focusing and com- 
posing more easy and accurate. Focusing by the light trans- 
mitted through a lens su: fl6 is not always an easy job. As a 
rule with this type of lens the field covered is rather larger 
atf32 than at fl6, say 100 degrees compared with 90 degrees, 
and if a rising front is to be used the smaller aperture should 
be employed. 

Higher Aperture Lenses: Such lenses are useful when it is 
possible to make a moderately long exposure, or to bring up 
batteries of pboCo-fk>ods and so on. But for other classes of 
wh^e a wide-angle lens is needed, where a reasonable 
field has to be covered under cramped conditions with poor 
lighting, and where a short exposure is needed as in aerial 
photography a wider aperture is needed, up to about /4. 

The diagrams referred to In table XXV on p. 176 will 
indict the general construcUon of some of these wider 
apertured wideai^ie lemes. In addition to the lenses 
gmmity avallabte, a number of wide-angle lenses have been 
<kvdopedbyvark>^lirn^fc^spedalpurposes. These Include 
varla^oi^ of the form dxwn in diagram W4 on p. 173 
In which af^ular lldds up to iOO degrees at apertures of 
about f6 teve been achieved whilst maintaining the high 
ttandard of performance required by aerial survey work. 

For the 24 x 36 mm. format there are a variety of wide- 
angle and semi wide-angle lenses. Many of these have been 
indiKkd in the preceding tabte and diagrams, 
kmtaf Tel^>hnto Wkk-angh Lenses: The continued 
dm^:id Ic^ wider aperture in wide-angle lenses has pre- 
mm probtems, especially in lenses of short focal 
teifdi. in mmf esses these problems have b^n solved by 
adopdng the tovmed telephoto construction which is 
describe later (p. 2K), 
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Depth of Field: There Is one point that has to be men- 
tioned specially in connection with wide-angle lenses, 
and that deals with orthodox depth of field calculations 
for this type. The basis of depth of field calculations has 
been given on pp. 6S-8. What is frequently stated is 
that in the case of wide-angle lenses the hyperfocai dis- 
tance calculated in the normal way can be divided by a fac- 
tor. This factor is the ratio of the angle of view of the wide- 
angle lens to the angle of view of the normal photographic 
lens. With a photographic lens of normal angle about 50 
degrees and a wide-angle covering about 100 degrees the 
factor mentioned can safely be taken as 2. That is, accord- 
ing to some statements the normal depth of field as on 
pp. 65-8 should be increased, since the hyperfocai distance 
there is to be halved for a wide-angle lens. 

Whether it is justifiable to use this fattor is quite another 
matter, and it should be examined in more detail to see 
exactly what it implies. The method worked out on 
pages 65-68 assumes that the negative is enlwged until 
when seen at the nearest distance of dear vision the per- 
spective is just right. And it was pointed out there that 
the perspertlve point of view of the camera is the forward 
nodal point of the lens. None of these statements are 
Invalidated because the lens happens to be a wide-angle 
lens. If the hyperfocai distance is halved, as is postulated 
by the method described above, this corresponds to view- 
ing the enlargement at twice the disunce needed to fur- 
nish a correct perspective. All that happens when this is 
done, apart from upsetting the perspective, Is to make 
the angle subtended at the eye by the dl^onal of die picture 
the same as that subtended by the dia^>nal of a picture 
taken with a normal lens, and viewed at the right distance 
to give the true perspective. There seems no valid reason 
why this should be done. A wlde-wigle lens is Intended to 
see and recoid more than a normal lens, even If the pic- 
ture as a whc^ seems larger than that given by a lens of 
normal focal length, with its narrower angle of view. 
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Soft Focus Lenses 

Portrait vwk, especially commercial or professional 
portrait vrork, te as much subtle flattery as photography. 
And ^nong the things that can be controlled and chosen to 
fwoduce a saMying pkture are lighting, camera angle and 
distance of the subfea from the lens, focal length of the 
lens, and lastly the hardness of the lens definition. 
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The aim of anysofc focus devke tofl¥e an Imaf e of a point comlitiiif 
a harti core and a timuous tialo. TOs the deflfiltion without * Wn* 

an otit-oMaciw fmxy effea {p. I7B). 

Left : Any soft focus dcvk» used on the camera wfH resuk In spreading 
the areas of fight ami the ultitmte ^ct will be a H|htcr print. 
l^gM: Any soft focus devke used cm the «iiarg®r wiP result fo spreading 
the shadows and the uklmate ^ect wlli be a darker pHnt. 

THE EMCT OF S<^ FOCUS ATTACHMENTS. 
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The relation between the focal length of the lens and the 
perspective and modelling has already been discussed. The 
only thing that remains to be done is to give some account 
of the hardn«^s of the lens definition. 

Diffashn Discs : The aim of the lens designer and manu- 
facturer is to produce a lens having at the same time needle 
sharp definition and a large aperture. This goes a long way 
towards satisfying the demands of the practical photographer 
who uses the lens. But there are times when really first class 
definition Is considered to be a drawback, when a “ better ” 
pictorial result Is sought with the help of a rather softer 
definition. 

To get this softer definition either a specially designed 
lens has to be used (as dealt with beJow), or some device 
has to be used to soften the definition provided by a good 
modern lei^ 

One method ci Keening the definition Is to move the 
lens or add a suppkmentary lens while the exposure is being 
made. The result c^ this is to superimpose a sharply defined 
plaure on another that is out of focus and diffuse. Such a 
procedure is cbsely allied to that of obtaining Increased 
depth of field, and has already been described on page 74. 

Variants of thb method are to make two negatives, one 
sharply fbcmed and the other oat of focus and print one after 
the other on the one sb^ of paper, or In ntaking an enlarge^ 
nmt to mdEe part of the exposure with the miiarger focused 
$ha/p/y and part vrfth the enlarger out of focus. 

Am^hcr way of K>ftenlng the focus is to use a “ diffusion 
disc” The aim of such a disc Is to scatter and disperse part 
of the light that enters the lens, so that after it has been 
refried by the iens It forms a more or less tenuous veil 
of light round the proper Image point. This gives a softening 
of the focm. It produces the same result In effect as that 
otecrved In the early morning when a thin mist is clearing 
aw^, and there seems to be a film of light over everything. 

A dlfftaion dhe may be used either In producing the nega- 
tive or In making an enbrgement. When It is used with a 
camera fens light Is scattered from the highlights In the scene 
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Into the shadows, and an Impression of lightness Is obtained* 
On the other hand when It Is used in enlarging its funaion is 
to scatter light from the transparent parts of the negative, 
corresponding to the shadows of the original picture. Henoj 
a diffusion disc (or for that matter a soft foots km cf the type 
described below) when used with a camera breads light over 
the piaure, when used with an enlarger It spreads shodbw. 
The point is of aesthetic rather than optical interest. 

One time-honoured method of procuring a diffusing db«: 
or device In an enlarger Is to put thin chiffm o¥er the en- 
larging lens. This softens the d^nftkm of the ^largem^^ 
The softening Is due to the operation of tm> Victors : cm 
Is the reflection and scattering of the light tl^ strfices 
the fibres of the chiffon, the other Is the diffraction of the 
light that avoids the fibres (see pages 137-138). It 1$ practi- 
cally impossible to predict In advance the exact amount of 
diffusion that will be produced, and still less to judge whether 
it will be suffleient or not for the |»rtlcubr subfixt being 
dealt with. 

Another method of Introdtidng diffmlon in an tmfarger 
is to put a sheet of ordinary window gloss, of fektiie, or a« 
of Cellophane In front the enlarger lem. b^ween ft and 
the enlarging easel. 

The earliest method of Introducing diffusion with a 
camera lens, was to use the shimmering effect produced 
by the hot air rising from a gas flame. It served all right with 
the rather long exposures then needed, but at the present 
time It Is of hardly more than academic Interest. 

One method that has been used, ^though It H ractier 
complicated and not partkuiarfy v^t achpeed to me 
f^nchromatlc plates or films is to use a pkme of ghm th#C 
actually con^sts of two ghssm of dlffemtt ^^persle^ (me 
page 96) cemented together, so that they Uftmt tte chrofT«k: 
correction of the lens with which they are used. 

^ernatlv^fy sp^dal diffusion dto are available from 
c^cal houses, which consist of fim diamond lines ruhd 
on optically polisbed gloss. These fit on to the frcxit of the 
lens nKMint in the same way as a Alter. The diamond ruSngs 
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scatter light Into the parts the image that would otherwise 
receive no Illumination. In some cases the rulings are straight 
lines, but preferably they are concentric circles. In any case 
It Is advisable to leave a clear central area so that If necessary 
hard definition can be obtained by stopping down the lens. 

Incldenully It may be mentioned that many cheap filters 
are. Involuntarily, excellent diffusion discs. This is true 
especially of the type consisting of gelatine between cover 
gl^es, unless they are carefully made. A star test with a 
filter In front the lens (as described on page 233) will show 
bow a poor filter performs In this way. 

Diffusing disa can be Improvised In many ways. For 
Instance a disc of transparent plastic such as Perspex can be 
covered with a multitude of fine scratches by rubbing it with 
a fine abrasive, and will then diffuse light. Alternatively a 
shallow pa^m in relief can be embossed on the surface of 
such a materhd after softening It with hot water. Such a 
patterned sarhoe will again diffuse light. A sheet of gelatine 
that has been slightly distorted by holding it In front of a 
fire will also diffuse light. 

The principle to bear in mind In Improvising a diffusing 
screen Is that a surface is to be produced which deviates 
siigbtfy from perfect fktjtess in a fairly regular way, either by 
i»vfng smali scratches ait In It or by having a more or less 
cvw pmwi oit in or form®! on its surface. If a number of 
common trai^parent nmerfek are examined by placing 
than in front of a km In a star test (see page 233) it 
wiJl be evident that In many cases the problem Is not what 
w!M constitute an efficient diffusing disc, but rather what will 
transmit light without diffusing it slightly. The eye looks 
through only a small section of the transparent material at a 
time, corresponding to the diameter of the pupil of the 
eye which has a maximum value erf about .2 inches. On the 
o^r hand the light Incident on a lens comes as a rule 
thre^^h a mudt larger ar^ and the effects erf slight imper- 
in the nmerlal are m>re pronounced, 
a crude dffift^lon disc ft to be Improvised In a hurry an 
(rfd ftom whldi the emuftion Im b^n cleared can be 
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painted with a transparent varnish rather thickly and with a 
hard brush so that the brush marks are not removed. 

Adjustable Diffusion Lenses : The alternative method of 
obtaining a diffused effect Is to use a lens with a soft focus, 
and preferably one in which the softness of definition 
can be controlled. Of these lenses there are two typ^. 
In the first the definition has its maximum softness at 
full aperture, and is hardened by stopping the lens down. 
In the second type the definition at any aperture is under 
full control. 

In either case the softness of focus is Introdirad bf kavirtg 
more or less spherical aberration in tfic fern. With this 
spherical aberration every point on the plate Is surrounded 
by a moderately diffuse halo, so that the hard contrast, 
obtained with a lens well-corrected for spherical aberration, 
Is softened by the veil of light that this halo spreads over the 
edge of an Image Into its surrounding region. The effect is 
not the same as merely putting the lens out focus, as this 
gives a light patch that is Inclined to be finite size but with 
an even distribution of light, so that the spread over light 
Is too severe and spoils the definfitoi Instead of softeitlfig It. 

Focusing With Dlffusim : Soft focus lenses are not i 
special type or types to be added to those already described. 
They are just existing types, mainly Petrvo/, Cooke Triple 
or lessor form In which provision is made so that one or 
more of the glasses can be moved to Introduce a variable 
amount of spherical aberration, or which arc just lenses 
these types with uncorrected spfwiical al^rr^lmi. 
There Is one point to notice, and that Is the change In the 
position of the focus with any change In tlw iwfioiint of 
spherical aberration. Lenses of th^ types 9tt always 
focused on a screen In the camo^ and beaiime of the ftet 
just mentioned ft is Irnportam that the simikf be 

done with the iris torture and amom^ ^ diffmkm that are 
to be u^ in making the exfmure. 

Example the first type erf s<rft focus lens are the Kodak 
f4S Portrait lenses mkI the Rod&tsmck Deep Field Imagmt. 
These lenses wre not well corrected for spherical abemtfcm 
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at full aperture and the light patch consists of a halo round 
a hard core. When the aperture Is cut down the halo Is 
reduced until at about fl6 the definition is sharp. 

Ejomples the second type are the Dallmeyer and Taylor, 
Tayhr it Henson Portrait Lenses with apertures of f3.5. In 
eai^ of these the amount of spherical aberration can be con- 
trolled by separating some of the glasses and this determines 
the d^r^ <k diffusion given by the lens. 

The following tabks Indicates some of the lenses which 
have been designed specifically for portraiture. Many of the 
lenses described In other sections of this chapter are quite 
suitable for this purpose especially where a marked degree 
of witness Is not required. 


XXVL-PORTRAIT AHD SOFT FCXTUS LENSES 



Nome Lem 

Focm 

Aperuart 

Fhfd 

Offend 

Diagram 
(p. 183 
aisop. 161) 

Bmrmml 

... Scailor 

- 

ns 


Tl 

OrtBiitcyw 

... Portrait Aiamtu 

a-isfei. 

ns 

50* 

T4 

Mdk 

... Portrait Um 

la-f&iR. 

ns 

48® 

SFI 

Mmc 

... P^FW 
Mmicoa 

tacMaanim. 


20--4O® 

Sfl 


Wf‘. 

300-420 m. 

ns 

■6* 

TI 

r.T.aH. 

... Swim as 

loi-aoin. 

ns 

44®-50® 

Tl 


pBrarait Ammi. 


ns 

40* 

TI 


Eniarging and Process Lenses 

With enlarging and process lenses there Is no need for a 
lar^ aperture. But on the other hand a very high standard 
of porfcN^maiw^ Is demanded. 

The chroimtk: aberrations, astigmatism and curvature of 
ieW mm be spedaJly well a>rreaed, although that Is not 
to saqf tl« my sbdceitlng of performance can be tolerated 
^ hu* as other abern^kms are c«»icemed. in some cases 
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SFI {Hustrates a Jens devttk^>ed 
for portraiture in whkh the 
abermions are not completely 
corrected at full aperture ai^ thus 
provide the softness of definition 
whldi Is often desirable In this 
class of work. 

hfefiy process leims are based on 
some of the triplet and sym- 
metrical lorms iterated on 
prervloes pages. The dfafrain El 
shows one form of fnocess 
not Indifded itnd^ these head- 
ings. 

El and E3 iterate the specM 
ccmyifig knses d«scri>ed on 
184. 



SOFT FOCUS AND PROCESS LENSES 
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the correction of camera lenses under enlarging conditions 
Is sufficiently good for them to he used, but for the best 
performance a specially designed enlarging lens Is desirable. 

There are two ma|or differences between enlarger and 
camera lenses from the aberrational point of view. 

Firstly, the monochromatic aberrations described In a 
previous chapter vary with object and Image conjugate 
dlstsmo^. The extent of the variation will depend on the 
oxjstnjctlon of the lens. But In nearly all cases a lens cor- 
rected for very distant objects cannot remain well corrected 
when It Is used in an enlarger specially at low magnification 
fktors. 

Secondly, the spectral sensitivity of most printing papers 
demands best performance In the blue end of the spectrum 
whereas camera lenses intended for use with panchromatic 
emulsions may not yield their best definition In that region. 

A feature tto adds to the usefulness of enlarging lenses 
Is a dicking arrangement on the Iris control so that It Is 
possible to know the lens aperture without fumbling In 
the dark or switching on dark-room lights. As the Iris 
aperture passes through Its successive stages a definite 
dick h heard or fek and the aperture Is known at once by 
counting the clicks. 

Copying lenses are spec^ types of enlarging lenses 
willed have beai designed to give a high standard of per- 
fmmfice 0 W* a more restrtaed range of working condi- 
tloi^ tndiKk tiie spec^ extreme wide aperture 

fiiMitifiictumi by Toyfor, Tofhr & Hobson and Wray 
far r^flographlc puipos^ where the magnification between 
<rf>ject and Image remains constant, and also the Wray f 1 lens 
for copying oscillograph traces at a reduction of 4 : I on 
to 35 mm. film. Many lenses which can be classified as copy- 
ing tenses are usually designed and made for one specif 
purpose and imy not be listed In manufacturers* publlca- 
tte^ They are skjwn as E2 and E3 on p, 183. 

Ihrooess leases ftr haH-tone, line and olour work have to 
yteW a por^aifariy h^ standard of perfonmnee. The large 
plate ste vdilch are nectary for this class of work, and 
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the fact that so far It has proved Impossible to achieve the 
required standard v^lth v/lde-angle lenses, demand the use of 
lenses with unusually long focal lengths. Fortunately, a high 
lens speed is not required and an adequate performance Is 
usually provided at apertures about flO. 

In this class of work the types of glasses must be carefully 
chosen to obtain a small secondary spectrum. For rigorous 
colour work an apochromatic correction is highly desirable. 


XXYll^NLARGING AND PRCXBS LENSES 


Ateker 

Ncmte of Lem 

focm 


Fk4d 

Corermi 

iP. m 
efm p, IS^ 

Bertiiht 

... Fkw 

Apograph* 

- 

f2.8 

flO 

45^ 

44^' 

S5 

El 


... Enlarging 
Anast. 

2-10 in. 

f 3.5-5 6 

55" 

T4 


High Resc^tf- 

tfOfI 

1 in. 

f8 

50® 

S5 


High Rasohi- 

2 In. 

f8 

48* 

T4 

Geerz ... 

... Artir Apo 
ProCMi 

4-70111. 

f9-16 

44* 

T3 


Gocv Frooni 

8i-24iii. 

fSJ-lO 

54® 

T3 

... 

... Apo*R«pro 

210-300 mm. 

fS.5-9 

53* 

T3 

Kodak 

... Ektar 

2 in. 3 ^ 

f4S 

50* 

T7 


Ekcar 

4 in. 

f4S 

5Cf 

T3 


Ekeuion 

iOin. 

m 

50* 

T3 


EketfKM) 

2-4 few 

f43 

50* 

Tl 


Ektanon 

51-10 In. 

f4J 

50" 

T4 


froGsit Bccar 

12-30 to. 

no 

36® 

E) 

BodamL 

... Y«ara«i 

210 mm. 

f4J 

52® 

T4 


A|»o4U»Mr 

300-800 n»». 

f9 

44*-4r 

T3 

Ron ... 

... Raioliix 

Enbrgii^ 

50-110 nm. 

f3 5.4 

9«r 

T4 


ProoBft LfUM 

9}— 48 ka. 

flO-125 

>r-3r 

S3 


Emnr 

105 mm. 

ns 

2| X Sim 

T4 


OMmar 

$0-210 mm. 

a 43 

so* 

T4 


Caanr 

50-t^mm. 

f33*43 

50“ 

Tl 
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Mefcir 

NmmafUm 

Focm 

Apertan 

Fkfd 

Camtd 

Diagram 
(p. 183 also 
pp. 153, 173) 

rr.aa 

... Eiicsi 

S«riMPC 

Waf 

Refio®ra(rf»y 

50-127 men. 
4ifi. 

9-36 in. 

13-62 im. 
^24 h. 
20-50 mm. 

8 b. 

f8-I6 

flO-16 

f9 

f4 

fl.4 

so* 

3S mm. dim 

35*--i5* 

3S*-45* 

16 imn. db« 
5 X Sin, 

T4 

SSnmi T7 
Tt 

T3 

T4 

S5 

S5 


... R«|9iro-SI(»p«' 

lUpro-t^roR 

— 

f3S,4S 

P. 


T4 

SI3 

vmamek 

... 

2-12 ia. 

f43 

SO* 

T4 

Wwf ... . 

... Afio Pro«sE 
W. A. Uscrar 

4-63 in. 

12 b. 

fl0-f6 

fio 

3r 

50* 

T3 

W2 

2M> ... 

... ApoTii»ar 

140-900 mm. 

P 

48* 

T4 


Ttie practice Is to i»e a pfein In front of ti»e lens In process 

work, the effect of whkh to bend die beam erf Ilgftt forming the liTuige 

dirotSi^i a r^ angle. It cifinoc be eotpbadsed too strongly In thb 
cofmeetkm dwt die cftia!^ of the prten h of paramoitfit Imjxirtance, 

The main re<|«lrwii«its for «idh a prbm are that die glass blank from 
wMi It Is Oft siM be free krom bitrfts «ich as strain and 

striae fo the body of the mSartaf, d»t the sWI be accurate to 
thdr mimMi vadties wtdiin about cme minute of arc, and that the 
furlaces sM be pofbhed Hat wltMn half a wavefength of yellow light, 
one hundred-thoiisHKlth of an Inch. A wy slight curvature, 
idther i^pherical or cyllndrkaf, of any of the suriaces—partlcularly the 
k»»f reffecdog luHk:© — wlH Introduce astigmatism (see p. 113). The 
prcKkictlon of prisms of a really high quality b a most skilled Job. 

One point erf Importance In connectfon with process prisms that b 
very easily ovwfoedted fit b ^xi^Ily erf Importance In afl optical Instru- 
ments) b die fact diaa me bbdcNng put on opdcai surbees dm jre not 
iiscdmtnuismit i^rt, so that they wM not reflect unwanted light either, 
smK In fact absorb all One cannot take any arbitrary 

bhek p^nt or vimbh and expect to find thb toc^ absorpdon l^hi 
e>r anymkqi; sf^ifoachfog it. Sultdl^exmmotmdssu^not iisuaffy publidy 
dhfd^d by the feim ttdf» them, k kmam% from thb that If by any 
dmnctt die bbek b worn m die bee erfa prbm (die trbngubr end face 
that b), or the edge of a km. ft b best returned to the maker for re- 
bbcklfig. The use of a medium that b not perfoedy sultabie nay result 
in the increased scatt^'ed light impairing contrast : thb b of course 
of greatest importance und^ rigorous conditions of process work. 


Qmertible L&tses 

To add fl^cJbltey to the use of mfnbture cameras the 
<mix)m ha$ frown up of bufWfng a camera. In feet, round 
a battery of femes of different focal lengths and apertures. 
The frame cov^^ remains the same size, and the different 
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Top : T0fj^,7(^^itHi^tmocmYtsnM3$ehm, im)rl»« used oft 

to owm, or lAm two of mod tofo^ot, ttoi fH-oiMiil a choke of 
three focai tooths wlt^ tto o»e set ^ ccmpcm^m (p. 1^). 

Bottom : The ttfita of a coiiverti^ lens a profressively enlarged 
of sofne partici^ ohfect 186), 

A CX>fsfV^imE UNS 
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focal lengths mean that the proportion of the picture occu- 
pied by an object Increases as the focal length Is Increased. 

The same thing could be done and was done with normal 
size cameras, and In fact still Is done to a certain extent 
namely, to provide a battery of lenses with each camera. 
But whereas In the case of a miniature the lens is carried 
forward by building It up with extra metalwork on the 
mount, so that the lens clips Into the bayonet holder or 
<xhcr attachment, with other types of camera the longer 
focus lens has to be taken further from the plate by ex- 
tending the camera bellows, and It Is only where a good 
extension Is possible that a longer focus lens can be used. 

Wfth rmrmal, as comrastjed with miniature^ cameras one 
n^thod of proYkiIng three l&ms frt a bm^ry is to hiiftd them 
Into one tens, a ** amertlhk ” lens. This consists of two 
lenses, call than A md 8, of fairly long focus, usually but not 
always different from one anc^her. As a rule each of these 
lenses has to be tised wfth the Iris diaphragm or stop In front 
of It. The corrections d the two lens<s are adjusted so that 
the two lenses A and B can be screwed together and so provide 
I lens of shorter focal length than either of the separ^e com- 
ponents. Inevitably acertaln amount of definition and <x>rrec- 
tlon aberrations has to be sacrificed to produce a lens of 
this type, but vdth sklifui d^gn, the re^ual aberrations 
are s^l to be acc^:cabie for aii but the most 

erftk^ work. 

Pa^ 187 stKwrs tim m^hod and effects of using a typical 
convertible lens. 

This type of lens Is derived almost exclusively from the 
early Continental forms of symmetrical lenses and it super- 
sedes the older type d so-called Casket lenses. These latter 
relied on the repl^ment components In the Triplet or 
Tessor oonstrualons and serious amounts of aberration were 
Inevitable, In spite of the superiority of the true convertible 
o*w the older Casket forms, even the former falls to reach 
the high standard set by more conventional and t^s expen- 
sive forms d modem lenses. Host manufacturers now only 
produce these lenses to special order. 
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Supplementary Lenses 


Another way of making a lens more flexible In Its appilear 
tions Is to use It with supplementary lenses, either converg- 


ing or diverging supplementary lenses. 

The use of a converging lens for close-up work has been 
described on page 52, and no nrvore need be said abmit 
that aspect of the matter. The same type of km cm be 
used, moreaver, for working candltkws where a rather wkkr 
view is to be recorded on the plate than with tte camera km 
alone, A converging supplementary lens In oiwjunctlon with 
the camera lens reduces the focal length of the tetter. In 
effect, and since the plate covered Is stil! the same size a 
greater angle of the scene is recorded. Suppose tim the 
supplementary lens Is to be used for portraiture at D Inches 
from the front of the camera. Then as explained on pges 
51-52, the focal length of this lens Is D Inches. If the 
camera lens has a focus of finches, then the focal length of 
the lens formed by the two togaher H given within fairly 


clc»e limits by the formula. 

Focal length comUimlof} 


Dxf 

D-tf 


indbes 


and the field recorded Is (D -f f) -r D of ttei^ prevfoiKly 
recorded. The Image of any o^cct produced when such a 
lens Is used Is smaller than when the camera lens Is used 


alone In the ratio D -f- (D + f). 

For Instance if the supplementary is med for dosc-ups 
at 20 Inches, then D = 20 inches, and with a 4 inch camera 
lensf=4. Thefoca!lei^ofth€comblf^itloiite(4 X 
24, 3| indies, and the fk^ recorded te of die old 

field (on a smaite' sc^ of oour^). 

k U seldom profkdile to use convorg Ing stipf^emcnmlei 
to give more than 1 1 increase in the fidd recorded. They 
Introduce among odw things ast^mattem and fieW curva- 
ture. and the definition Is not to be axnpaaed with that 
given over the same ar^ by a wide-angle lens. For rough 
woric a spectacle lens can be used to get a visual Idea of the 
dltects produced. Sin<e the local length of the lens Is given 
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above and spectacle lenses are usually described by their 
power In diopters, a table Is given on page 365 showing the 
conversion of diopters to focal lengths. 

A diverging lens can be used to lengthen the focus of the lens, 
and to record a smaller angular field on a larger scale, rather 
afber the way In which this Is dorte with a telephoto lens. The 
focal length of the combination, If the focal length of the 
diverging lens Is N Inches, and that of the camera lens is 


f Inches, Is given by. 

Focal length of combination = 


N X f 
N ^ f 


to a good approximation, and the Increase In size of any 
Image on the plate compared with the size obtained with 
the camera lens alone Is In the ratio N -f (N — f). 


For Imemot, tf tlie camera lem b 4 Inches $ocm, l.e., f 4, and the 
chvergliif lens b of 8 ifidies focus, l.e., N » 8, th^ 

4x8 

Focallei^th of oomt^nadcxi B g - — 8 Inches. 

and each Imafe on the piste b8-r(8 — 4) = 8-f-4, /.e., twice the 
It would have with the camera lens alone. 


B<^h converging and diverging supplementary lenses 
can only be used when the camera focusing allows the lens 
to come dose up to the plate, with the converging lens, and 
when a comlderable octenslon Is possible to accommodate 
the Increase In ^ectlve focal lei^th wfth the diverging 
km. It fe not laually prt^kable to use a diverging lens to 
more tlmn double the focal {ength of the camera lens. 
Wh« was said fx^evlousfy about spectacle lenses still holds. 

Supplementary lenses as Just described are rarely useful 
with lens apertures below f 4.5. This Is about the fastest 
speed with which they give reasonable definition. And that 
brings up another point, namely the effective values of the 
aperture when a supplementary lens Is used. The values 
amoved m the lens mount no kmger reprment the actual 
fImmAers. The rvks are : 

(!) With a converging supplementary lens the effective 
aperture is the f/number on the lens mount, divided by 
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To oli^aln a larger Image of any part of a picture two proccduret are 
pebble ; the camera may be brought nearer to the scene, or the Sim 
or plate taken farther away from the lens. The extent to which the 
camera bellows will of>^ out detmnlnes how dosdy the canwi caw 
be brought with the unaided camm l^is alone. 

Centre .* By i»ing a n^aclve suf^»nentary km the pkte or ftitn cm 
be takm further away irom the 1^ ^Mdehout pifcthig the kiife out of 
locm. Thk means thm from a gh^ ykw-f>ohit a iir|^ of m 
timimt of the scene k prodixse^L but m ^ same ttoe o^ a hac^on 
of the orl^imf 90Bm Is tifcm the canmra km sdooe wo^ reconl. 

As a ruk It k not f>roitable to me a ncm^lye km In thk way m ffye 
more than a two-lc^ mtargemem fp. 

B&omn : Whm It Is important to cover a hui^ mgk a convergki 
km mabks the plate or Mm to be brougt^ nmrm t^ and still 
keep the In^ge in focm* The of my ekmisit of the teme is then 
wms^t* The ratio of Increawe k that can be umhiHy prodin:ed h 
^out l| : I Wy 

im iss£ wmjmEHTAKr imhsbs 

m 






(2) With a diverging supplementary lens the effective 
aperture Is the f/number on the lens multiplied by N -r 
(N - f)‘ 

£g., vyfth the Iris In the lens at f 8 and the actual cases 
quoted In detail above the effective apertures are : with 
the converging lens f 8 -r I » = f 6.7, and with the diverging 
lens f 8 X 2 = f 16. These are the apertures and f/numbers 
to be used In working out exp<^ures and depth of field. 

These formulae hold for the cases where the supplemen- 
ury lens, either converging or diverging, Is i^ed to dange 
the focus of the amera fens and the combing lens is then 
focused on moderately distant objects. They a&o ^ve the 
f/numbers that are to be used In depth of field calculations. 
When the combined lem 1^ to be for dose-ups the 
correctlom desoibed on (Ktge 63 mmt be applied. The 
api^catfofi of these correctiofis in the case where the obj^ 
Is at the focal polm of the supplementary lens, as describe 
om page 52, Icacb to the condusfon stated there that the 
f/number of the combined lens In these drcumstances Is 
In effect unchanged. 

The use of supplementary lenses as envisage above Is 
rather different from their use as portrait attachments as 
described on p. 52, even though the object of using them 
may be the san>e in both cases to produce a larger image. 

One way of obtaining a larger Image h to bring the camera 
as neM ^ possible to the scene, and then use a carrverging 
supplementary hm or portrait attachment to shorten the 
camera lens focus to allow ft to focus the scene with a 
moderate bellows extension. 

Another way Is to keep the camera fixed but to Increase 
the focal length of the lens by the use of a diverging lens. 
This normally needs an increa^ bellows extension. 

When It h required to change the focal length of a lens without 
dialing Its distwce from the sensitive mater^l, an afocai adaptor 
Biay be tised. This b, in fact, a Gaiiieatn telescope to be attached to the 
front of die camm lens. The camera lens ts set at infinity, and focusing 
carried out by dianglf^ the separatkm between the groups of lenses In 
the adaptor. Such adaptors arc of two kinds. The first working with 
die camera lens ^rodiices a larfcr than glvw by the camera 



SPI and SP2 are su|>|^m«%ary 
{erases of the aloca! ^apter t^pe, 
and do not change the required 
camera extenskm. They are 
specially popular with 8 mm. 
(and aTO 16 mm.) cine cameras 
fitted with a fixed lens. SPI re- 
dtKes the focal length of the 
camera lem with whl^ it h usc»i, 
and is thus a wlde-ar^ attach- 
ment. SP2 Incr^ses the focal 
fongth Mid is thiB a 
acta^fi^it. 

SP3 to SPS a oofnrerciye 

kntsyMm i^litlf^an interdwige- 
able front compooMit (sho^ 
shsuied) and a flitod rtor ui^ 
mounted h^nd the thuuer. The 
three akematives fxoduce a 
stMKbrd Imis SP3, a tele Imb 
or a wfoe-M^ Imw SfH. 
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abiw : thi« h efitectlvefy increases the focal length of the latter. 
0f» eacimple by B^^iot b shown in diagram SP2 on p. 1 93. Like all 
sitpplemefttarY lenses th^ type It comprises a front collective com- 
pc^tent Sluiced from a rear dispersive component. In order to be afocal 
and thus have fK> effect on camera lens e>ctension, the separation be- 
tween components must be equivalent to the difference between the 
positive values of their focai lengths. The magnification given by such 
a system is the focaJ length of the front component divided by that of 
the second. In this type of supplementary lens, vrhich is suitable for use 
wfdi wide aperture camera lenses, the optical aberrations have to be 
h^ly corrected and thb can be achieved if the two components are 
made sufhdcntly complex. 

The second kind working with the camera lens produces a smaller 
irmge bia txwers a larger angular field than the unaided camera lem; 
ft wftctively reduces the fbcaJ length of the latter. One example, also 
by Berthloc, is shown In diagram SPI on p. 193. In this type the disposl- 
tkm of coll^ive and dispersive powers is reverwsd badk to frontt Imt 
the above remarks concerning focaJ lengtlw and magnification still apply, 

Tl» use of these fonm of alocal suf^)iem^»»ry lenses is largely 
reitrteted to dnematogn^ilty and mlntoure cameras where their 
relatlwdy Iwrfe bidk Is not a serkx» handicap. Magnification factors of 
2 and § are wiftl r 

More rec^itly a diforent sy«^ fm been developed In which that 
psut a w^di h poi^ticiied In front of the iris diaphragm can be 
r^laoed by anoUier lens syttem to provide an alternative focal length. 
The rear lem components behind the Iris are common to all the focal 
lengths provided, and their dhEtance from the focal plane remains con- 
stant. Focusing for different obfea distances Is provided by movement 
of km Aments in each Interchangeable front unit. 

Thh arrangement h particularly useful in camene incorporating a 
betw»en4em shutter of the Compar type, since it avoids interference 
with the shutter on changing lenses. The overall a>mpl€xity of the 
1^ cx»%stiiictlofi cam be f«BS than a comfc4i%Ktkm whkh includes the 
tdiesoopk: type of ^ppleiii^itary d&cribed above, but the front sec- 
tkm can o% be used the particular rear component for which 
th^w^ denned. 

ife^raim Sft, SH, Sf^ p. 193 show front interchangeable 
components of thte type as nrade by Bodemtock. The basic lens SP3 is a 
50 mm. fZ Hdlgon C covering a 24 x 36 mm. negative. This lens belongs 
to the Speed Panchro type as shown In diagram S5 on p. 161. The front 
haff of the 50 mm. lens is replaced as in SP5 to provide an 80 mm. f4 lens 
and as in SP4 to provide a 35 mm. f5.6 lens. 

Very similar constructions yielding the same focal lengths arc made 
bfSekmider. 

Telepk^io Lem^ 

The Ifitrodi^lon of the telephoto lens, as hu* as this 
country was concerned, was due to OaHmeyer In the ’nineties 
of last century. The main Id^ at that time was to provide 

m 




Both i>odaI points of a tefepitoto tern are In front of tti« tent (p. 36) 
The o|^kal system* as far as sub}ect-lem>ifm^ dktance o^ri^ttefis Mm 
concern^, is therefore in effea not within the tens at ill, teit In an 
imaginary position in mid-air. 



f 


Paraitet rays of ligte are ojnverfent by the Imes te A, aaid 

are th^ rr^e km commrgMiA by the dtewfliif tern groiip Hwice 
the back focia BI, Is mxk Mortar the eqelvidwEtt locwf (p. 1961. 

T^ls Is iiteltil in practke, ^nce the l«is exter^on can be oomp«retlvily 
simIHn the fiiaK»»^ power of the systwn. The noml^ 

magnification of the teteoh^ tens Is in thh instance not reh^ed to the 
image scale with a nornnd fociB tem. It Is It^ead tte ra^te of 

the eqtthratefit loa» f to the back focas B.F. (p. 1%). A 2 h tetephoto 
tens may thia prodtice an Im^e 4 or 5 time® m terge as the normal 
foc^ tern for a particular n^;adife sb^. 
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a lens of long focus, which would give a larger reproduaion 
on the plate, of a distant object, and at the same time have a 
short back focus, or distance from back glass to the plate, so 
that it would conveniently fit a normal camera. 

This aim in making or using a telephoto lens still holds 
at the present time. But with the advent of miniature and 
small hand cameras, as well as movie cameras, that may be 
fitted with telephoto lenses, there is another advantage, 
namely that a long focus lens is used which has a short over- 
all length from the film to the front of the lens. 

This makes for easy handling and rigid mounting, and is 
Important with present-day standards definition. 

The principle is shown on p. 195. It comprises a lens or 
set of lenses that form a OHiverglng i^is. 

Roys of light this farward Ian, tmirked Amt p, 

that ore initialtf partdM m dte axis are made to converge 
towards the fxm marked f (I). Before they reach this focus 
they are Intoroef^ hy the negative or diverging lens, marked 
B, irfifdi reduces the convergmce of the rays so that they now 
aim at the focus marked f (2). 

f (2) Is the rear-focal point of the lens, as explained 
on page 24. The distance of f (2) from the last glass surface 
In the lens is the back focal length, which h the important 
feature to be taken Into account when mounting the lens 
In a omcra. If the rays aiming at f (2) are continued back- 
warxk to meet the initial rays pai^leJ to the axis, the 
points where the two sets cut He on the rear principal 
plane, also defined on pages 26-27, Where this principal 
pfene cuts the lens axis Is the rear nodal point, and the 
distance from the rear nodal point to the rear focal point is, 
of course, the equivalent focal length of the lens. The Im- 
portant feature to notice Is that the rear nodal point is out In 
front cf the lens, and that tl^ back focal length Is very much 
shorter than the m/uivalent focal /engt/i. 

The ratio of the equivalent focaJ length to the back focal 
Ici^th can be d^ned as the “ power ” of the telephc^o 
lens. For Instance with a typical telephoto of 10 Inches 
focus, and 5 IrKhes hmk fook, the power of the lens Is 2. 
or 2 diameters, or 2X. The effect of using a telephoto 
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of 2X power Is approximately to produce an Image twice 
the size given by a normal lens with the same back focus. 

In the early days of the telephoto lens high magnifications 
were demanded, powers of the order of I OX were asked for, 
and another practice was to make allowance for separating 
the converging and diverging lenses so that the power could 
be changed. Inevitably these meant that the definition was 
not up to anything like modern standards. 

The majority of telephoto lenses manuf^tured to-day are 
of fixed power and the magnification Is r«Jtriaed to 2X or 
at the most 3X, the only exception being some very large 
lenses for news-reel work of about 56 Inches focal length. 

Under these conditions It Is fK>ssibfe to produce 
having really high standards of definition. 

The main difficulties to be overcome In designing tele** 
photo lenses are zonal aberrations and distortion. As a 
general rule, If the complexity of construalon remains 
constant, the angular field that a telephoto lens can cover 
will decrease as the relative aperture is incnmi^. When 
wide aperture and wide field is required slimihsmeously the 
complexity construction beo^ncs consldm^aye. 

Diagram TPS on p. 199 Is c«ie example of die degree cjf 
complexity required. 

The correction of aberrations to provide wide aperture 
alone also requires increased complexity. Diagram TP9 on 
p. 199 shows a Taylor^ Tayhr & hhbson telephcco lens with 
an aperture of f2.3. This lens Is made for cinematography, 
and is one of the few photographic lens^ whidh has a 
strongly curved concave surface ^ rw. 

Distorted Perspective : There Is next to be cxx^lderad a 
type of distortion cftm with when a tdbf^K^ U wexI, 
namely the violent foradKH-tenli^ C3f a wmrn^ m In newe-reri 
motion picture shc^ d sporting events. 

The essential feature ths^ Is ii^ponslbte the distortion 
is the fact that the distance of the taking camera from the 
scene is comparatively great, while the picture produced 
by Its sheer size suggests a ck®e viewing point. The long 
focus of the teleph<ax> lens tc^ether with the short focus 
of the projection lens r^ult In the aaual grms size the 
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The teicphoto fenses on this 
ptfe differ rniJnly in the con- 
scniolon of their dispersive com- 
po{i«:ics. The top diagram TPi 
fikistrates one of the first tele- 
photo lenses to be designed as 
one anft. Prior to the intro- 
duction of this form of lens, a 
tefephoto effect was usualiy ob- 
tain^ by means of a dispersive 
component placed at a distance 
behind a conventionai camera 
lens. The use of a camera lens 
with corrected aberration at the 
front is more of a hindrance than 
a help in achieving a good per- 
fonmmce. 

TP2 Is a cof»trifcti<m adopted in 
the Ross Telenw and Wray Hastrar, 

Tae>HOTO LENSES 



These telephoto ibises Ifliotme 
vmrhdom of froi^ ooltea^ 
compofient m well sf the remt 
ccNfni>ofieiit. TP9 Is <rf interest 
since ft h ofie of the very few 
phocofra|>hk: imim luring an 
exterior ooncaye rnrhcm. The 
r^^ve aperture of thh 
form is alxHit f 13, whid) is m- 
twiatty wide lor tidephoto i^wes. 
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rcproductkm on the screen, but they do not change the 
relatlYe proportions of parts of the scene. 

These latter, as they are seen on the screen, are just those 
recorded by the taking lens from Its distant viewpoint. 
Now, when two subjects of the same size are photographed 
from a distant point, they produce images of practically 
the same size. This Is in contrast to the case where a close 
viewpoint is used : then the extra distance of one subject 
makes an appreciable difference to the size of its image. 
This has alre^y been shown on p. 38. The pattern of black 
and white thrown on the screen suggests, however, a fairly 
dose taking position, owing to the very size of the objects 
depicted. This may receive further psychological emphasis 
with a comparatively close viewing distance in the cinema. 
In <^her words the image on the screen, because of the con- 
tHKlictkH) its size and Its proportions, appears strongly 
loresiwxtimed* The feeling of discomfort arising from this Is 
helgiilmed by the fact that, again owing to the distant 
viewpoint of the telephoto lens, a flatter ** pattern is 
pres^ted than we usually get In close distance viewing ; 
donsidering the size of the subject, we do not see enough 
of the ** sides ** and they seem to be lacking in “ plastic *’ 
qualities. 

Depth Field : The final thing to discuss is the depth of 
field of a te{q>boto 

In mamf diese teiises can be considered as being 
m^ndy long foan testes and the depth field worked out as 
ejqpfeJn^ on pages 5^73. But there Is another way of 
looking at the matter that Is equally justifiable. Suppose, 
to take a ooncrete case that a 5 inch lens of normal construc- 
tion is used to cover a plate or film just under Inches by 
3f inches. As explained on pages 59-73 to see this at the 
right perspective the negative has to be enlarged in the 
ndo iO -r 5, /.e., twcrfbid, in order that it may be examined 
ac the least distance of clear vision, namely fO inches. Now 
rq>te the 5 Inch lens by a telephoto lens having the same 
ImnJc focm, lamely 5 inch^ near enough, and 10 Inches focal 
length covering the same plate. The Image on the plate is 
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The lore^rtenlng sometimes sewi In ncmree! shots when t tde^ 
phc^ lens has be^ used is due solely to the i^reat disparity between 
talcSniE and viewing conditions. When the canrna Is at a dlsomce horn 
the scene the images of two c^lects behind each other may a|^«ar v& 
be nearly of the mme ske, as shown In the &pper right dhfram. TN 
dotted line dhifram shows the more concreted hnage pit^xart^om 
p^rtiliar to a nearer position. Th^ tlm tele^^v^ Iraife pro- 
fected cm the screai has die proportions of the Im^ tahasi htm a 
distance but, becatm of size of the sublets, it appears to Imve been 
taken from a cksse position. This ^ooemtm lor our Ming of dlscomlcNT, 
pardetidaHy when vlcwli^ the scene horn the from stalk. The per- 
^lec^ve presented to us b^es our own phytkil experience In viewing 
stxh scenes In iiacin*e. 
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seen at the correct perspective when viewed from 10 inches 
without any enlargement being necessary. But It Is a per- 
fectly natural thing to give the plates taken with the two 
lenses the same degree of enlargement, and look at them at 
the same distance, so as to get the advantage of the long 
focus and large Images of the telephoto. 

This twofold enlargement of the telephoto negative 
was not contemplated when the method of working out 
depth of field ^arts was explained on pages 59-73. 
What was envisaged there was a degree of enlargement to 
give the correct perspective with the piaure viewed from 
a distance of 10 Inches, and not any enlargement over and 
above that needed for this purpose, such as encountered 
here. Because of the twofold enlargement given In the case 
Just dealt with, above what was Intended on pages 59-73, 
the disc on the plate must be cmly half the size previously 
atfowed. The effect cf tfcfe Is to double the hyperfocal distance as 
prerkmindf caktikted, Afkr that everything proceeds normally 
with the newly-found hyperfocal distance in place of the old. 

With Che satm lines of reasoning the hyperfocal dlstarKe 
afa3X telef^to Is multiplied by 3. 

What it is Important to understand is the exact impli- 
cation of the line of argument given. It is only a special 
example what happens when a degree of enlargement 
Is given to a negative in excess of that required In the 
cxrthodox cakui^iems on pages 59-73. 

The enlargement demanded on pages 59-73 was re- 
quired to get the perspective right at a distance of 10 inches. 
Suppme that a 4 Inch focus lens Is being used. Then the 
enlargement needed, as explained there, is 10 ~ 4, i.e., 
2i diameters. The circle of confusion at 10 Inches is to be 
.01 Inch, (If It Is smaller, .005 inch say, then ail that 
happens Is that In every case the hyperfocal distance is 
double that of the standard based on .01 inch. A disc 
.0<S Inch is rather too small a size to be taken for routine 
depth focus estimates, the orthodox diameter of .01 
Inch is better.) The disc on the original negative must 
therefore be .004 Inch diam^cr, and this Is used automatic- 
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ally in the depth of field calculations already described. 

Suppose that, however, a 4 times enlargement is given to 
the negative when printing. To get the correa pcrspeafve 
the enlargement should be viewed from a distance of 4 Inches 
by 4 Inches, /.e., 16 Inches. The above depth of field cal- 
culations would serve all right If this viewing distance were 
held to. It should be In theory, but It seldom Is in praalce. 
The odds are that In ninety-nine ases out of a hundred the 
enlarged picture Just queued would be examined finally fmm 
a distance of 10 Inches. It happens at every photographic 
exhibition, accept with hardened Initiates, that every- 
one gradually edges up to any particubr print to see wh^ It 
looks like from dose quarters. There Is a certain amount 
of foreshortening Introduced but usually ft 1$ quite Inappre- 
ciable and in no way disturbing. 

With the 4x enlargement viewed at 10 inches the disc on 
the negative must be only .0025 Inch diameter, compared 
with the standard .004 inch diameter. As a result the 
hypcrfocal distance is 4 -f- 2J, /.c., 1.6 of what it Is In the 
standard case. 

This is a perfeafy general result, f* tfce de- 

mamkd <m ^e 58 Is M, ond athrfemem (Ktmtffy If A. 
(md the picture 1$ examimd, m Is r&jify mdy nottfre/. ^ & 
distance of 10 Inches then the previous hfperfocal distamxi, 
calculated as explained page 66, call It H(l), has to be 
multiplied by A -f M. to give the new hyperfbeal distance dmt 
^tould really be used. In the example just quoted M — 2|, 
and A = 4 so that the orthodox hyperfocal distance should 
be multiplied by 4 -r 2^, 1.6 as mentioned above. If the 

pc^ftive is to be examined at 10 inches with a smaller en- 
largement than that requinwf In the mwai cakub^km, uy 
as a oontaa print trfeen wtdi a 4 Inch km^ then hyper- 
Ibcal distance 1$ decrfiised, using exactly the s^ne rtik as 
given immediately above. 

What this discussion Implici rciitivc to telephoto 
femes, and the rather rough and ready rule of multiplying the 
hypcrfocal distance by the power of the teiephe^o. Is 
tim phe^ographs taken with a tcIcpMo are very apt 
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to be examined at dose quarters and that as a rule this 
should be allowed for In working out the hyperfocal 
distance. 

it is Impossible to dogmatise about depth of field except 
In the most elementary cases. Photography Is both an art 
and a science. It Is fairly easy to say exactly what will happen 
from the sdentific point of view, to give definite rules for 
developing to a required gamma, and so on. But It Is con- 
sidered to be Impossible to legislate for the artistic side of 
photography. The best results are produced by the exercise 
of taste and Intelligence, and all that can be done Is to give 
the general lines that must be followed. This holds for 
depth of field among other things. 

What has be^ said above is admittedhr a reHirement of the Idea of the 
d^>th of 04 a lens, imt It should not be neglected by the advanced 
work^ who b prepared to use it as a starting point for his own work. 
Where a simple amd stra^htforward working out of depth of field is 
recfulred It b best to use the methods given on pages S9-67, which are 
the oftho^ mediods, and to apply these unchanged to telephoto 
lenses. 

What has been said in criticism of the depth of field, as worked out 
by the first method on pages 5^7 applies equally well to the second 
nr^thod where attention b concentrated on a abc of confusion of a 
spedfied diameter. The r^ dHBculty b to decide exactly what should 
^ die dbmeter of the dbe b should not be so large as to give too 
bkmt and deMtIon at the limits d the depdi of held, nor so 

smaRasio|^toosh»padelhibIon there. Some compromise has to be 
reached. It b to a d^net^ of JXd hich for miniature work 
¥diere t^s type of calofi^on b i^ed. For dne work with short 

foois leiBes the dbmeter can be rechioad to inch. Bdow tbb the 
grain of the fihn, e^>edy% If a p^idiromatlc film b used, becomes 

oof^arablevdtli thesbeofthedbcofCOnh^on. Except In special 
diere b no potet In tdcing the dtunet^- of the disc below .001 

Inch. 

Enough has been said above and on pages 59-73 to enable the photo- 
grapher to construct hb own depth of field charts and to know exactly 
what they Imply. It b not profitable to rely too much on formulae even 
though tlWy are well ^tablbhed. The usual thing for the mathematician 
working them out b to make assumptions, and then give the formulae 
as correa only providing that the assumptiom are correct. Too often 
tl^ provbo b lost to sight In the course of years. It pays to under- 
stand the ImpIicaticMis of the formuhe and then modify th^ as Individ uai 
t»te and l^t^igeiKe dictates. 

AB ^b b apart from exp^lm^fitaJ methods of dealing with depth 
of fi^, d^ertbed In the next d»pcer. and needed beotuse of the 
crttld^ raised bodi h^e amd on 129. 

m 
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Name of L»» 

Focus 

Ap&tura 

FW Ccmerw# Dte# f#m 

(pp. imim 

AgHux 

Totepboto 

140-300 mm. 

fss 

2i X 2i te. 

TPJ 

Afdis ... 

... PrcHactkm 

10-12 m. 

f3.5. 4.2 

r-10* 

TF7 

Bmhkr. 

... Td« C^ioctif 

H5 mm. 

f4.5 

16* 

TPS 


Tote Cinor 

— 

PL5 

31* 

TPS 

DailmefW 

... DaUon 

'4-60te. 

fS.6-6 

30* 

TPl 


Aptfofi 

4-24 te. 

fiS 

26* 

TPI 


OfuTote. 

tHate. 


l6HHn.cifMi 

TPl 

Kmt ... 

... Tote-KMtr 

300 nwTij 

fS4 

24 x 36 mm. 

TPI 

Leitx ... 

... T«*yt 

200 mm. 

f43 

24 X mn. 

TP6 

Meymr ... 

... Totem^of 

)50-400 mm. 

f5.5 

ir-ir 

TPl 

ffom «.« 

...« Toteros 

4i-22iii. 

f53 

30* 

TP2 


Toterot 

9L-25te. 

f6.3 

ir 

TP2 


Tdbren 

40te.,^bu 

f8 

15* 

TP3 

SdbmMor 

... Tote Xmmr 

7S-249 mm. 

f3J.4JS 

34* 

TP4 


rafoXmmr 

(50-360 ami. 


34* 

TPI 

T.r. & a 

... Srnimm 

8i-34m. 

f5.44a 

jr 

TPI 


TaMkmic 

3-6 HI. 

f2.S-43 

(6 Mm. da* 

TPt 


Faacbrotaj 

2J-4te. 

fU 

8 Mdl (6 MM 
(fom 

TF9 


Tote-Pindino 

8-22 HI. 

f4 

3$ mm. & 24 ?< 
36 mm 

: TPI2 

Yoigtkmd. 

Tidofnar 

100-360 mm. 

fss 

33® 

TP 10 

DyiiarxKR 

100 mm. 


24 X 36 mm. 

TPII 

YYaOmaak 

... Cteo R^car 

3-6m 

f43 

16 mm, <±m 

TPI 

... 

... Ptt^rar 

6-18 in. 

f45-6JI 

2r 

TP2 


to wamr imtsamm immm for 8 awdl *4 mm. mmfo tmmtrm mm &afoi mfo $ fkm o 
fomm arm iwt aex>M% ol trm tah^tmo form, bv* ie«C fo«id lwii0^ fomm «f 

morm oomimmuoml typm*. Thmm arm formi in Owk a^rm^^mm cabia. 


Inverted Telephoto Lens 

A Jens closely allied to the telephoto lens Is the inverted 
telephoto construction used when a short focal length is 
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p*^c%>ie of i^¥«rt»d ixk^koto hm, P^riM rays are 
re^^ered mwrgpom. b¥ tlie km px>^ A, a;^ dmt made oonverigeitt 
by dbe frotip ft. HeiKW tbeeqtilvii^e^ focal leoi^thf Is miichshcK~cer 
bade hem BJ, (p. IKQ. 


Bottom ; An Inverted telephoto lens made by Taylor, Taylor ft Hobson 
The froup A oomtitutes a dhrerjfng lens system, ft Is a converging 
tcf» of Speed-PaiKhro type. The resultant effect of these two Is to 
provide a converging lens with long back focus. Such a lens Is necessary 
wh^ tf«re Is an extensive prbm system between the lens and the film* 
The type shewn Is espedaify sultamle fen* 35 mm. film work. For the 
^i^er l^ses used on 16 mm. cameras a rather simpler constructfon 
out be i^ed (p. 210). Thfe type of lens h^ been used for the Technkohr 
cainera. 


AH VERTED TEiEWOTO LENS 



inverted teie$^ioco iemes com- 
prise a front dispersive memb^ 
arMj % rear coiiective membm*. ^ 
is a fairiy recent Innov^km and It 
is llki^ to beccmw increasiMiy 
Impmtaitt in the future. Trie 
main advanta^ th^ form h its 
cafKMIty c4 coverli^ a wide fl^ 
at wide apertures ai^ freidy re- 
duced vifnettiR|. It also has a 
brse aemnce hetwwi 
the rem* suites tbe ixai 
^u»e. Thlf diBrance an^ts 

of ¥mj dKMt feed lei^h 
terns to some emmi wMch are 
to acctmimxtee oonven- 
ttemi dKjrt foan femes. 71^ 
type d te^ h very tern retefve 
to its local teigth, mm h rardy 
mMie in locd te^tte sreotM* than 
2 indies. 
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Tfecic are im>re examples of In- 
verted ti^eplKsto lesises. tTB and 
rr^ are by the 

A^mkttx Reuvfocm : the diar ' 
grams fTIO, ITII, 1X12 and 1X13 
^Kjw constructions which may be 
considered as wWe angle supple- 
mentary att^achments In front of 
conventional camera lenses. For 
example the Schneider Cinegon lens 
shown In IX! I is, in general terms, 
the supplementary lens of dbr 
gram SPI (p. 193) In front of the 
triplet form of diagram T5 
(p, Idl). Examples of fXIO, fXIl 
and rri3 are the Woilensak Clne- 
sedes, 

hicno TYPES 



Some d( the more recent 
}iicorporM« two cSeiM^ehre from 
ExHPimlee are tlie 
SeftStot Ckm, fTN. the T.T. H. 
Taytal m shown Jn m7, amd the 
Oot^ ^mchm of mt. 

Meet of these ere gmmr^ i^d 
lor doe work, hom 
md 3S mm» 



TBMpmro rtm 
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required and at the same time a long back focus is needed. 
(This Is the exaa opposite of what Is needed when a tele- 
photo lens Is used.) Typical cases are In colour cinemato- 
graphy as worked by the Technicolor process, where the 
prism system has to be accommodated between the lens 
and the film, and In fitting short focus lenses d* about 12^ 
mm. focus to turrets on 8 and 16 mm. film cameras. 

The principle cf the Inverted telephoto Is shown on p. 206. 
Rays of light Initially parallel to the lens axis are made to 
diverge by the diverging set df lenses marked A The rays 
then hit the omverglng lenses marked B, and come to a 
focus at f. The back focus Is the distance of F from the rear- 
most glass surface In the lens. The equivalent focus is the 
dl^ance of f from the pkne where the continuations of the 
Initial parallel rays meet the rays converging to F, as shown 
on p. WS. The bade focm h greater than equivalent focus. 

Hoce reo^idy It \m been realised that this form of lens 
has some very (toraUe characteristics compared with those 
of conventlofial wide-angle lenses. In addition to the long 
bade hem already described ft can be designed with Im- 
prm^ vignetting factors and It presents a different, and in 
some ways e^ier, mounting problem. 

tes use Is largely restricted to cinematographic and minia- 
ture cam^ ^foce It Is a Y&ry bulky form of lens relative to 
to food Dtenoes b&wem front surface and focal 

pia®c of ^ to 5 dfii& the food ^gth are quite common 
Mid dkmetM*s are correspondingly large, especially the front 
OMnpment. 

In some ways this form can be considered as a wide-angle 
supplementary lens (see p. 194) permanently positioned in 
front of a conventional form cd lens having the long focal 
necessary for the specified back focus. Diagrams 
fTB, rr?, mo and m I on p. 208 have been designed in this 
way. Under certain conditions thfe line of attack results in 
m ^mec^ully compfox system and the modem trend Is 
to inverted t^^>iK>co lenses without rrference to 

rm>re conventkx^ forms. 
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Variable Focus Lms 

And iast(}r, an oompte of wb^ the modon opdeai t»- 
dtKtry can ^ is the vaiial>ie focm iens shown on p. 2i3 and 
weed \(yr “ zoom " shots In the him stinMos. 

In such a shot the aim is to produce the effect of bringing 
the camera nearer the scene vdthout actusHy moving It. 
This can be effected by graduaify increasing the focal length 
of the lens so that it pr^ucu a progressively larger image. 

With a variable focus lens three things have to be maliv- 
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tajned as the focus is changed. These are : the correction 
of the aberrations, the exaa focusing of the Image on the 
film, and an unchanged f/number even though the focal 
length Is changed. All these have to be brought about 
automatically by turning a crank. 

Skilful design and superb workmanship are needed to get 
good results with this type of lens. 

Variable focus lenses have also been used for projection 
purposes, m^nly in commercial cinemas where they have 
permitted the projealon from standard 35mm. film to be 
varied in size while the film is running. 

A continuous variation of focal length over a useful range 
obviously removes the necessity of changing camera lenses 
during shooting of one scene and thus the possibility of 
losing an inter^ting event during the change-over. Although 
oontlnuoiis film sequ^ioes can be obt^ned by skilful cutting 
and &iMng c4 die film, such procedures are not possible In 
the tmmukskm of t^svlslon pictures. The particular use- 
fulness of variabte focus lens^ for television has stimulated 
die design of these lenses to a considerable extent and it is 
likdy that some of th^ developments will eventually be 
used in a modified form for cinematography. 



* pmsl^ m m hmfa for ioMuei ji>b$ fhm tim manu^ 

kam bam aui m r imm of caaOo^md dt^gm 

L and far i^ada^aad wprk k k af*r^ 


Mnor Lenses 

The ima^'e-formlng systems so fer described have been 
orthodox lenses In the sense that light has gone through the 
transparent media, namely glass, of which they have been 
nude, suffering refraalons at the various aJr-glass surfaces 
embodied In the lens. A defea that Is practically Inevitable 
In such a system is the existence of a secondary spectrum. 
In many cases it is not unduly objeaionabie, but there are 
occasions — e^>ecialiy where high aperture lenses are con- 
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A virkbte focia fcm fmtde by Tapor, Tapar & Hokum, Th« iMe4 
deiiiefits arr tlie »e>c^ leii^ It clewfodl f imiittr 

of die lei^ and tko pok^km of ^ IbrM fomokm wndianfod, 

fioctom : Ai^ local lenf^ol^lmiitocraaieedd^dte of 
of die ol)|ecc lfi ido of n^kiw kKrm mo. Hormm^ tM$ ^iqnM^ 
lm;ise size h dieted movlog tbe cumto t om m t ki die akimx uo4 in 
dewlii| die resti^ It h noc easy to loydi method m promr^ 

die efjbffemM to too tised (p» 211). Tlie of ^^peedva 

wtoi die caineni vkwpokit li looved fa t»og% de^ctato on <toct 
oomporkon betviwi die two metdiDdi. 

A VAfllABtE FOCUS LENS 
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£>iagrani VFi shows a Watsm 
tmyisk>n camera Jens with aJter- 
imhre ranges of focal length of 
3 to J5 or 6 to 30 indbes. Dhigram 
VF2 ^»ows a Toyfor, Tayhr & 
Hohsof] t^evision camera fem 
w^ ^terfiadye r^iges of focal 
fe^th crf4to20or8to40 inches. 
Th«te akermctives are provided 
simply hy Interchangeaole rear 
a>mponents. In the 4 to 20-inch 
range the maximum aperture is 
f4.5 throughout, and in the 8 to 
40-inch range fB. Diagram VF3 
is a variabie focus lens by Berthht 
designed for 16 mm. cine cameras. 
The range of focal lengths is con- 
tinoo<»fy variable between 20 and 
60 mm. an aperture of f2.a The 
components which move to 
chan^ food length arc sfuKled In 
aH tl^se diagnum. 


VAmABJE FOC15 LEh^ TYPES 
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The BerthkA Fan-Cinor 4 for 1 6 mm 
cine camens shown In VR is an 
improvement of VF3. Both types 
require simple mechjutkii move- 
ments compared with other forms 
and there b a very stifle ih^ of 
best focusing position In bodi as 
the focal length b varW. Thb 
sh^ b well wkhin the d^th c4 
focia of the lens mmI its rechictfon 
by the more complex opticil form 
of VF4 enables the zoom range to 
be iiKr«»scd to a factor of 4 M the 
wider relative aperture f2.4. The 
focal lenrth b variable between 
173 and 70 mm. and the lem In- 
corporates a buib-in r^ex vlew- 



rirtwsf . 

Diagram YF5 shows a Ifon 

Pmtovflf lens designed for 35 mm. 
dne cameras. The ra^ of feed 
b czmtimioody var^fo 
betvrn^ 30 and 1X1 mm. wtt for 
varhdde fooM lenses, the 
vride rebdve aqwrture <rf fZ Thfe 
lem b large relative to foed 

fengtl^ affo the dne ownera b 
p«mloned on a jd«lonfi m^end- 
kig rearwinb from the lens. 



vARbWJE Focm vms TYres 
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ctrnti — when It Is a matter of Importance to reduce ft to a 
minimum. For this, and for various other reasons, attempts 
have been made at different times to produce an Image- 
forming system using reflealon rather than refraction to 
bend the Incident light rays. 

An Increased Impetus has been given to the Investigation 
of such systems In the last decade by Schmidt's discovery 
of the camera named after him. One form of the Schmidt 
camera Is shown in the diagram on p. 217. It consists of 
a spherical mirror M, with a hole drilled in the centre, a 
plane mirror f, and a plate S carrying an aspheric surface. 
One form of the contour of the aspheric surface is shown on 
an exaggerated scale In the diagram on p. 217 : the deviation 
from flatness Is very small, of the order of a few thousandths 
or at the most hundredths of an Inch. With such a simple 
system aperture up to more than f 1.0 have been realised 
with prac^calty no sco^Kiary spectrum to speak of. Such 
Sckmkk lo^es have been propc»ed In more or less this form 
for the profection of television Images formed on the screen 
of a cathode-ray tube. 

The principal defea of the Schmidt lens as Just described 
Is the fact that Its field Is curved. To get the best definition 
the plate or film must be bent to take up the shape shown 
by tl^ dotted line In the digram on p. 217, or If It Is used 
as a pro^ctlon lem the cathode-ray screen must be curved 
In ^ same way* 

Two miu ways of fteenlng the IkW of a Schmidt lens have 
b^i demibed. One Is to add a converging system of a 
simple type such as a plano-convex lens, as shown on p. 217, 
near the focal plane. This has little effect on the other 
abcrratlcms, to a first approximation, but does flatten 
the field. The other Is to use both a o^nvex and a concave 
sphcrial mirror, as shown In the diagram on p. 217. The 
wo mirrors Imve to be cff the same radius cf curvature. 
SfUmm di thh second type, employing for the most part tv^ 
fkxm be^fig spheric surfaces, are the subject of recent 
pai^ws by 

The defect, and It Is an Important one, of the systems Just 
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Top left ; A simple, 
though 0ot the most 
primitive, form of 
SchmWt camera, 
0>mprlslrve a con- 
cave spherical 
mirror, a plane 
mirror, and a cor- 
recting plate. Top 
right : The contour 
of one form of 
correcting plate 
shown on an ex- 
agi^rated scale. 
Second fine ; The 
field of thb lens nm/ 
be fbttcned with a 
plano-convex lens. 
Lower : Altema- 

tlvely a fbt 
Is ^vwi by the 
syst«n t^lng two 
spherkal mirrors 
Ml, M, and two 
correcting pbtes 
Sj aiwl Sg» 

Bottom ; A variant 
of this construalon 
iwtkiibr inter- 
est, due to 
employs only 
sf^icrlcai surhxres. 
It comprto a weak 
meidscns lens t, a 
spherkal n^rror M, 
a f^ne n^rror K 
ana « Md-flacten- 
ing kis C The 
ff b pne^atty 
Hat. 
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d^cribed Is that at least one surface has a curve on ft that 
Is not of spherical form. The production of such surfaces 
on a commercial scale Is a problem of outstanding diffi- 
culty. They have been made by astronomers, but there is 
a world of difference between making a few surfaces for 
observatories and manufaauring them on a mass-productfon 
scale. Aspheric correal ng plates have been moulded from 
transparent plastic in the United States, but the produaion 
of the nKJuldIng dies is still a difficult problem. 

For this reason spedai interest attaches to attempts that 
have been made to design a fens based on refleaion rather 
than refraaion which employs only spherical surfaces. One 
of these Is shown in the bottom diagram on p. 217. Other 
forms have been proposed by the Russian Maksutov, fay 
Messrs. Wray, by M^rs. Tayhr, Tayhr & Hobson, and others. 
Particularfy noteworthy are the refieaing systems developed 
In Hotfafid during the war by Boawers of the De Oude Delft 
using deep meniscus lenses to correa the aber- 
raclom introduced by a concave mirror. A 400 mm. f5,6 
mirror lens made by that company is commercially available 
for use with 35 mm. cameras such as the Le/cu. 

These mirror lenses seem an attraafve proposition when 
one oom[»r^ their slmptklty wfdi the complexity of 
stajickrd reA'actlng Ibises, especially of high aperture, and 
^kes acamm timt they are virtually free firom chro- 
n^lc aifact^ in {wtlciihr tim they have no secondary 
^>ectnini. In the loiter foc^ lei^ths ako, they represent a 
cof^derabfe saving In wdgta over standard types. 

k should be realised that the beam light Incident on 
these mirror lenses is obstructed by that part of the system 
in front of the concave mirror. Special mechanical masking 
is nectary to prevent light passing through the various 
apertures and r^ching the focal plane without suffering any 
rdlection at all. These two factors are the main reasons why 
these forms have no adjustment of relative aperture. 
Ite^ly th^ are designed and made for use under special 
condklcms of magnification, aperture and field of view, and 
they are not always listed in manufe±urers’ publications. 
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The History of Lens Types 

The historical line of devebpment of the totlc lens types 
has been in the following order : singk meniscus kia, about 
1812 : Petzval lens, about 1840 ; rapid rectilinear, about 
1866, developing into the symmetrical type in the Dagor and 
other lenses about 1890-1894 ; Cooke Triplet type dbout 
1895 ; primitive telephoto lens about 1894, and anastigmat 
telephoto lens (designed by L B. Booth) about 1914. The 
other minor types, variable focus and Inverted telephoto 
lenses belong to comparatively reant times, while eniarging, 
process, convertible, wide-angle and soft-focus or portrait 
lenses are specialised variants of the basic types Intended for 
particular uses. 

Apart from the telephoto type, which is to some extent 
a separate branch away from the main line of development, 
the historical development corresponds very roughly to an 
improvement in performance. The symmetrical type as 
developed in the Dagor, Double Proar and other similar 
types employing two cemented groups of lenses, covered a 
larger field than the Petival lens, akhough It was restricted 
to a much lower aperture. 

The Cooke Trlpltt type, while n« covering quite the 
same extent of field thM was possible with the f^gor and 
alll«l types, covered a field distlnaly larger thw» the 
Petzval type, was much more economical of glass and 
dteaper to produce than the cemented symmetrical 
type. 

Taking everything into account, of ail the basic tens types 
the Cooke Tripltt by the bte H. D. Taykr has bcMi the iao« 
important fiom the point of vtew of the vast nurolnw' of 
photographers. 

In view of the oominoo pr^udloe in Iwoer of great 
Germsm houses It may be worth aylng a few wwdi on the 
subject. No expert wrtll deny the exceiluice of thdr designs 
or the soundness of their oonstruedora, or in any way under- 
rate them. Nor will anyone wkh an Intimate knowledge 
of lenses under-rate the Importance of the contributions 
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that English opticians have made. The achromatic lens was 
invented by Messrs, Hall and Dolland (both English), the rapid 
rectilinear lens was developed by Steinhell (German) and 
Chllmeyer (English) Independently. The Cooke Triplet was 
a purely English development. The first anastigmat tele- 
photo lens and the fore-runner of many designs of this type 
was designed by L B. Booth (English) and the first f 2 lens 
covering a large field was designed by the Englishman 
H. W. Lee (Speed-Pan chro). 

The leading English and American makers have nothing 
to fear from, and are In no way inferior to the lading 
German manufaaurers — except perhaps In advertising 
themselves. 

The last war accelerated the growth of the optical In- 
dustries of several countries, and France and the United 
States in particular zre rabidly becoming less dependent 
on tihe import of German optical Instruments. 

Lens Mounts 

The main features of inters in lenses are the various 
arrangements of glasses In them and the way In which these 
have been chosen so that an adequate performance will 
result. Although on this redconfng the metalwork that goes 
round the glasses Is of lesser lnter«t the mounting of the 
lens ^ a wfK^ worth further consideration. 

A point to be emfrfiastoi at the outset is the accuracy 
with which this metajwork Is made. Tolerances of the order 
a few ten-thousandths C3f an Inch are not uncommon, 
and special methods of manufacture are adopted so that the 
bores in which the glasses fit are concentric within par- 
ticularly clc^e limits- 

Regarding the styles of mounts there are three main types 
to be considered. These are ; standard mounts, sunk 
inoiim:s, and mountt Incorporating a shutter. 

The sunk and standard mounts differ only In the position 
of the iange screw by which the lens is attached to the 
camera. The two types are shown in the diagram on p. 221 . 
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Top kft : The stEfidard threads cm a mount ha>m a thsrp and tapered 
last thread. 

: The risk of cro^di^ the tlM*e»k is e^fiMied by tlwi mm d an 
abruptly milted last thread K 

Top fight : AkerttatMy a pilot may be used, as shown mQfjp, 223). 

Bomm kft : The thread by widdi a km U atta^ed to the h-ont pend 
fFof a camon Is at the bac^ of a smodrnd mmm (p. 222). 

SeCtofii rifbt : In tho cxm of a mmmt the tiwwd ^ at tim front of 
the mount. IJl tim Irh rhif omtroiliif the moywmcnt of tNs iris 
leaves (p. 7D.%. 
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On the standard mount the flange screw is at the back, 
about a <}uarter of the length of the mount from the edge 
of this latter. With the sunk mount the flange is as far for- 
ward on the mount as it can be placed. This allows the whole 
of the lens barrel to be housed In the bellows of the camera. 
Sunk mounts are generally applicable to lenses to be fitted 
to hand cameras, barrel or standard mounts are more suited 
to stand and studio cameras. 

As already mentioned the variation of the lens aperture is 
effeaed as a rule by the adjustment of an iris diaphram. On 
lenses of the shortest focal lengths such an Iris may consist 
of only two leaves, which move over one another so that 
they form a square aperture. In some other lenses the iris 
leaves are so designed ths^ they form ^ways an hexagonal 
opening for the light. The m^ority of iris diaphragms have 
a circular opening. 

Usmity ^ graved aperture are rather bunched 
tof^her at die narrow aperture end of the scale. This some- 
time makes it difficult to set the narrower apertures of 
small cine and miniature camera lenses with any degree of 
precision. In recent times some attention has been given 
to the design of specially shaped iris leaves to provide an 
approximately linear iris scale. 

The movement of the iris leaves Is controlled usually 
by a moveable ring on the outside of the lens mount. This 
ring U readily accessible in the case of a standard mount, 
but with the sunk type of mount a slightly different form 
of flufng has to be adopted. One way of rotating the ring 
whose movement operates the leaves Is through two pins 
attached to this ring. Another method Is to rotate the whole 
of the front of the lens mount. 

Lens mounts are generally made of brass, although In 
some cases aluminium is used. It will be found as a general 
rule that brass mounts arc more serviceable than aluminium 
ones. Brass is net so brittle as aluminium, and is less subject 
to corroskMi. This applies to the threads of the flange 
attaching the lens to the camera In particular. The threads 
of aluminium mounts are more prone to pitting by grease 
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and dirt which causes the Jamming of the thread and maket 
It difficult to take the lens off the camera. Where* however* 
weight Is of vital importance preference must be given to 
aluminium. The chromium plated cine, miniature, and pro- 
jection lenses are usually made of brass that is chromium or 
nickel plated at a late stage of the lens assembly. 

When a lens mount incorporate a shutter, he., when 
one has a between-lens shutter, the mounting erf the lens 
elements, such as the glasses In their cells. In the shutter, 
must be carried out by the lens maker. Not even the best 
of present-day shutters arc made with sufficient accuracy 
to permit erf assembling the shutter and lens celbiseptra^dy 
and then merely screwing them tc^ethcr. 

There Is a standard range of sizes of flange thre»li pro- 
vided on British lenses and cameras, namely the stan^d 
R.P.S. threads listed as follows: 


XXX^STANDARC^ OT RANGE THREADS 


Screw Olsmecar 

ijm 

\aso 

IJOO 

2jm 

2.25© 

2300 

2.750 

Tbreacb per indi 

24 

24 

24 

24 

24 

24 

24 

Screw Diai^Recier 

3JD00 

jsm 

4 ^ 

iJm 

&jm 

uoo 


Tbrcedi per lech 

24 

12 

12 

12 

12 

12 



Continental mmtnts have metric thr^kb m a rule. 

Two minor points may be mxed. The first Is tfia^ a stan- 
dard scries erf adapters Is availaWe carrying standard R.P.S. 
threads so that a lens may be screwed Into the adapter and 
the two then screwed into the flange on the camera. In this 
way a lens may be fitted to a camera akhoug h the threi^ 
<rf the two do ncx match. Adbpcers of this type are made 
with sp^al accuracy to ke^ dm lem scfimre to the car 
film. The second point b tim with whkh a iorews 
into its flange cx adai^N-. Wkb m cxtiiiiary mxmt 
lapmii^ away to a point m skwn m p. 221, Is srfwayi 
the chance of owdng the diread wti^ the lem is screvmd 
in. To avc^d this either the end of tim thread may be milled 
away as siKJwn on p. 221 or a pitot may be cut. Although 
such diread forms are refinements, they are well worth 
wfrfie, and It pys to took for dmm. 
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TESTING OPTICAL EQUIPMENT 


Judging a Lens 

To deal with photographic and enlarging lenses In a sound 
and Intelligent way means considering four things. 

The first Is to know where a lens forms an image. This 
Involves dealing with nodal points, focal points and so on. 

The seo>nd Is to know what faults can affect the quality 
of the Image, and means an acquaintance with lens aberra- 
tions. 

The third is to know what types have been produced In 
the way of lens constructions seeking to eliminate or mini- 
mise the aberrations. 

The fourth is to be able to test the lens for its performance 
and so to assess its value and us^ulness. 

The first three cf these have already been dealt with, 
and It remains to deal with the fourth, namely the praalcal 
testing a lens. 

This testing refers to bc^ new and second-hand lenses, 
but a few words about special precautions that should be 
taken with the latter will ik^ be out of place. 

Cetm^lng 

The a^moim <md fhul tf a pkmgrc^ic or 

mktrglt^ fern is om dm nxm precise and exacting of light 
engineering c^ratkms. The metal work of the mount and 
the glasswork of the lenses contained In It have to be so 
constructed that the vertex of every glass surface is on the 
lens axis. What exactly this means is shown on p. 225. 
This shows a perfectly adjusted lens with every glass element 
|u$t as It should be, and on the other hand a lens in which 
tte central flint glass Is both displaced laterally and cocked 
ami the back crown glass is displaced laterally from the 
lem axii. The lens that b out of correct adjustment Is 
usually spoken cf as bdng ot^-<^-centre, and the process of 
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Tn^ ^ : A correctly cei^red hem ip, 224)» 

Te^r^: Tfee w«y» wWkii a 1^ flw ^ oi^ oC cseeire ire riiow**i •» 
an mfgemted form. Tliet»mri^lemfi Wliace^rarMoveiiointiie 
cocoecieii km axK^iAtlieiwet^^lmlte cocked ovar. Lem 

C ^ laiM^ irM cmriect poi^lefi ^ 3:^ 

Betmm : Am arrai^^^iaeiiit Isr oai^Tii^ It liicwR ^ 

^ Im Ni a way that It c^ be foamd mi ha^ m loeiM wM k 
If tmmd m mootMy m pomMe ^bom m coiiidi^ or u kim 
BeraM to to own mM, Tbe ^ky ei tke k mam^i m tiie 

tow Is Offoed rtM^ bo^ ^ toi«« b ^ ^ cwtott crftJitt 

mdmrnyk^^omandpoMom, H^lem k ^laaly tWe 

Is mo dkmge to cii« m k Is a»-eed m to sufifKirti ip. 

amxkm im usm cehuwks 
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bringing it to a perfect state Is spoken of as centring the lens, 
and the lens 1$ then centred. 

Alternatively If some of the glasses In a lens are not In exact 
adjustment. It Is possible to remedy the effects of this by 
careful adjustment of one or more glasses specially mounted 
In the lens so that this can be carried out. In this case al- 
though the Individual glasses In the lens are not centred 
the effects they produce cancel one another out, and the 
lens as a whole behaves very closely as If the glasses were all 
perfealy centred. 

In either case the adjustments have to be carried out to 
very close limits, usually within a few ten-thousandths of an 
Inch, say to within .0004 Inch. The test of centring some- 
times given In accounts of lenses, namely to see that all the 
refl^ions of a lamp or candle-flame are in a straight line is 
useless In the han^ of an amateur, except In the very 
crudest cases where the lens H only fit for the junk- 
hODU 

In exiKtly the same way the seperatkm between t/ie glosses 
In a fens are fixed within very close Umiu, Cimi^ng the separa- 
tk>n of gtas^ by .002 Inch In a 5 inch wlde^gle lens may 
ruin die perfornmnee, and there are other toises even more 
semfdvc. 

th^ means in practice is tt^ one should shun like 
the my secoiKMand lem which seem to have been 

In any way maltreac^ as far » Its mounting is concerned. 
Soew threack that fme be^ inn^ed, m^ai shoulders that 
tore been damaged, lens bodtes tim. have been strained, 
kxdc-rlngs inside the lens nK>unt that have been officiously 
loosened and then tightened again, all these things may upset 
the centring of a lens. And once this Is upset It is no job 
for an amateur or anyone outside the makers" factory to 
put it right. 

Theoretically a properly centred tens should stay 
enured always. But In practice it Is surprising the amount 
of n^to^ment that tef^es may reodve, some of which can 
be hidden by a Jixtidous coat bequer, but other aspects 
of which can very well produce bad definidon. 
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Testing the Centring 

With a second-hand lens, unless backed by a reliable 
guarantee or the reputation of a leading trader, It pays to 
be cautious about the centring of the lens. And as twing 
for centring helps to decide whether any faulty and uneven 
definition is due to the lens or maladjustment of the camera. 
It Is of much more than academic interne to deal with It at 
greater length. 

Tests for centring arc mc^t easily carried out with a 
Stan This is just a small hole In a piece of mml sheet or 
card illuminated from behind, prdera^>ly by a bdfww: 
pearl bulb, with a current consumption of ^K>ut twenty- 
five watts In a normal case. The distance the star fn^ 
the front of the lens should have a minimum value of twelve 
to fifteen feet, and the diameter In this case should be 
between one-twentieth and one-tenth o4 an Inch, according 
to individual taste. If pos^Me It h worth trylf^ bodi stos, 
and otlmrs on the iar^g^ and ikies m see whkh tme 

seems to show up the hm perlMinmuioe mtM ckmfy l» any 
indlvldi^ case. To gl^ the nm^dmum liiloriiiation ibo^ ^ 
centring the pinhole should be m sn^i as h oon^tem; wMi 
encHJgh light getting through to make its in^e ei^ty vHIble. 

The lens being t^ed is used to form an Image of the star 
on a ground glass screen, with a very fine greyed surfk:e, 
and the image Is examined with a high power focusing 
magnifier such as that listed by l>allmeyen ^ any ^uival^ 
magnifier with a magnifkatlon of rtxifid about 10 to IS 
diameto^. The screen Is med wMi the groi^ mfhot 
towank the lem, and the magnli^ be ou-^iy 

formed through tlw ^bs m to thk grexmd sur&oe. TUs 
Is most oi^ly doi^ by drawl ng line p^idi hues cm tte ground 
surfM^e and focusing on them. Aooin^e focustng of a mag nl- 
her Is essential, of course. In all ca^ wfHre the im^c on a 
screen Is bdng examined crfdcalty, as In fooising a lens. 

A ixHfgh like if tim cemsrfnf am be otoined by ming 
the facmirtg screm am be ptted In afnmt every auwefo. 
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and focusing the star Image an this In the centre of the screen. 
Then take the lens slightly inside and slightly outside Its 
}>osftlon of best focus. The sur image should approximate 
fairly closely to a drcular patch light. If It shows an 
uneven shape, especially with a pronounced flare away even 
when the Image Is In the centre of the screen, then It should 
be rejected at once as being badly out of centre. 

A concrete example of the way In which a testing camera 
may be Improvised, and the way In which It is used to obtain 
more accurate and reliable results Is described below. 

The lens may be supported on two V-grooves cut In wood 
about a quarter of an Inch thidc and nKHinted on a baseboard 
as shown on p. 225. The heights of the V*s have to be ad- 
justed In accordance with the shape of the lens mount, and 
the part cf this that they bear a^nst, so tl^ the lens axis 
Is b^lzontat, wfthlii one or two degrees. This can easily be 
te^ed bf s^ng a 90 d^r^ square against the front or 
back of the lens nxxjnt and a^nst the baseboard. The 
beajing surfaces of the Vs should be finished as smooth as 
possible to avoid friction when the lens is turned round, 
and if possible should be faced with metal. 

Once the lens Is mounted in this way the further require- 
ments, so that it can be rotated smoothly, are that it should 
have no fcx-e-and-aft movement on the Vs and no tendency 
to rise on them. These can <^iy be ensured by mounting 
stops bade and front as shc^vn, and by a rubber band 
m-^kdied over the 

The bia^4)oard carrying the lens is made to slide in a 
direction parallel to the lens axis by keeping It bearing 
against the runner shown on p. 225. This can dso be set 
paralkl to the lens axis with the aid of a set square placed 
against back or front cf the lens mount. 

Finally a focusing screen ground glass Is needed which 
^ mounted as shown on p. 225 at right angles to the lens 
axis, or what is the same thing at right-angles to the runner 
wMch guides the movement of the lens carriage. 

The Im^ of the sx^r described above is cast the glass 
screen and examined with the iOx magnifier. 
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The Image is focused by sliding the lens carriage backwards 
and forwards, keeping ft pressed against the runner so that 
the star Image does nc«: wander about. When a suitable 
focus Is reached the lens carriage has to be damped In 
position ; very often this can be done quite adeqtmeiy vdth 
plasticine or drawing pins. 

The fens has then to be rotated as smoothly as poi^bie. 
With a little patience this can be done quite ei^lfy. 

The essential thing In examining the centring of a lens 
Is to examine the shape of the light fxitch as the lens Is turned 
round. This has to be done both when the star Is placed to 
give the light patch In the o^fitrc of the fbcmlng sown, ami 
when the Image falls In varfom pc^tk»ns away firtxn tte 
central point, 

(While strictly speaking this method checks the centring 
relative to the lens body and not to the rear thread as Is the 
manufacturing custom, the dlscref^ncy that this Introduces 
Is negligible owing to the methcids followed In prcxfuclng 
lenses.) 

The mmi out of foots app^^noe In the centre of die 
held Is an almost circular pa^ii of figlit wfth a idrfy Ix'^lit 
pip not far away from the <^itre of thU, The 
not wander vidkntly as the lem k turned round. If ft thm 
the lens ft out of centre and mtn* be swi 05 by die 
maker. 

Away frcnn the centre of the field the sftipe of the light 
patch Is usually fairly complicated, and Incidentally an 
oomlnatlon of the light patdi In this Irmame will biinf 
a h^hy dislfltislonment to tfrae who Im^iie tim modem 
lenses are free frexn aberr^lomu But no n^t^ how com- 
plex fts sfmpe the %fft pa^ mm: not 
as the ^ ft turned roi^. 

Wfth a ten m> dtmge at dl wW be nmt m the 

lens ft tumai. But wfth a dicaper type of tern, or wfth cxie 
slightly efomaged ft ft qufte likely tfm a cero^n amount of 
d^ge will be seen. WlM!f her ft ft excessive must be left to 
cmnnKm sense. It ft impemibk to cftjgmatfte, and In any case 
an ounce commem sense ft worth a ton of dogma In 
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questions of this kind, A lens appredably out of centre will 
soon be recognised. 

The centre ctf the field, in what has been said above, can 
easily be fixed sufficiently nearly by eye as the point of 
Intersixtlon of the lens axis and the ground glass. 


Testing Alignment 

The ultimate test of any lens Is the kind c^ photograph ft 
produces. And this means that to give a lens a fair test the 
lens and the plate must be absolutely square on to one 
another In the camera before any testing is done. Uneven 
definition as regards opposite sid^ and opposite corners 
of the plate may be due either to faulty mounting of the 
lens In the camera or to the lens being out of centre. The 
method {ust outlined ©raWes the quality of the lens centring 
to be fksermlmed. If tke km t ocxurtmly centred then the 
rnieren defkMm am definitely be trnced to the camera and the 
morning of the tms in It. To remedy this type of defect Is a 
job for an instrument mechanic, and can often be done in 
the repair departments of the larger traders. If the lens is 
out of centre the re-centring is a very highly spedaiised 
job and must be Idt entirely to the 1^ manuft^urer. 

There are other faults thk may arbe in a second-hand 
iem, and thxt should be completely absent automatically 
in the c^ of a new tens from a reputable maker. They 
include stidi things as damage to the cementing of two 
glasses, for acample the rear fxdr in a lessor construction, 
strain in the glass through amateur tightening of a lock-ring, 
and softening of focus due to scratches on the tens surfaces. 
All of these show up in a star test. 

Another casual defect that should be looked for with a 
sea>nd-hand lens is the existence of reflections from metal 
surfaces inside the tens mount. In the tens as It leaves the 
fioory sdl internal surfaces arc very carefully Hacked with a 
sprite! paint. In the majority of cases this bladcing is quite 
peimuieitt, but owing to the treatment that it has received 
it h possible for a tens to display these surfaces in .an un- 
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blacked state. They do not produce effects that are easily 
seen In a star-test except by an expert. They should, 
however, be looked for as they can cause considerable 
trouble with the light that they sc^er. A lens In this 
condition is best returned to the makers for attention 
before It Is used on critical work. 

it can be smed as an absolute requirement that the out 
of focus light patch produced as the Image of the should 

be circular within very dose limits when the Image Is In the 
centre of the field, and that the light distribution should be 
fairly even. There should be no spIkIness or general 
Ilness of definition. 

Staining 

The stains or bkxm on the surface of a km a few p^rs old 
are in no way a <kfect, and there is no reasem apart fnm Im- 
prewing the genera! ^>kk-<md»^n appearance of dm kns why 
they sbtmid be rmoved. The only go^ way of getting rid <k 
them Is to have the gfass surfm rcpdisl^ by ttw maker. 
It neecb felrly dm^ treadtment to ^ rW of th^ otherwiic, 
and this Is very likely to kave Its imrfc in the form of a 
host of minute scn^dies. &di of these scrudm d^mes 
and scatters part of the light foiling on the lens, and the 
damagoi surfoces really ctmstitute an eMclent diffi^tng 
screen built Into the lens. Some glassi^ bloom much more 
readily than others, but If the surfoces a lens a few years 
<rfd are gleaming like crystal It Is worth while teoklng it 
them ck^y for a myrfod of tiny scmxhes. These stains are 
of ess^ttfoliy tl^ ^me mtmre as the colour to a 
surf^ by surfooe tr^^n^mt, dmaibed tern* JM); 
they <fo not Impair the dcM^cxi and th«y actfa% Incro^ 
l^ht tramfnfosloii. 

The staining described ^love mtm, bowaw, be dWn* 
guIslHxi from anotlnsr type that Is lets frequently 
eiKXHintcred. This ^er gives not a bloomed dfcct to the 
surfoces the lens but a framed elfecL The lens surface then 
semm rather grey and milky, like very thin ground glass. 
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\t is encountered mainly In lenses that have been subject 
to rather extreme atmc^pheric conditions, such as prolonged 
exposure to sea air, or to the abrasive action of flying dust 
and sand. This type of surface degradation should be 
removed by repollshlng the lens : it softens the definition 
considerably. 

The above remarks have been made with special reference 
to second-hand lenses, In which a considerable trade is done 
each year, but they have a bearing on the testing of new 
lenses. The testing methods to be described below are con- 
cerned equally with new and used lenses (apart from the 
checking of focusing scales describe In the next section), 
but whereas It is possible to regard the testing of new lenses 
as In some ways a luxury — although as far as the serious 
amateur or pnrfessional is concerned this does not hold — 
with used tenses or those from doubtful sources of supply 
it should be r^arded as a n^ressity. 

Testing the Optical Performance 

The defects dealt with In the previous sections can be 
classed as ** casual faults. They are not inherent in any 
type of lens, but arise because of individual troubles with 
the lens mounts. 

The other d^ects that teve to be dcak with are the 
** fnhermt ” faults. With a lens of usefrii aperture and field 
^ aberradom of all tdnds come trowding In, ws described 
on ps^es 94 ff. With only a finite number of lens curves and 
thinnesses to be used to correct the aberrations a 
compromise must be reached, and the correction of some 
aberrations has to be sacrificed slightly to obtain a better cor- 
reetkm c^c^hers. All the aberrations cannot be removed, and 
tfK»c that remain In any particular daign give it a character- 
^Ic performance The flaws in definition arising from the 
reddua! afaerr^lons do not vary frOTi Individual fens to 
i^s. They are Inherent in the type of lens In question. 

Frwi the account given above of ail ti^ aberrations 
th^ may aiiict a lens. It follows that to test a lens to see 
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how good It Is, or to compare two lenses, Is a Job that can be 
tackled most easily In four main stages, with only somcmin or 
points to clear up after that. The four main stages arc to 
deal with : — 

(!) Central definitfon. 

(2) Chromatic effects. 

(3) Definition away from the centre of the field. 

(4) Distortion. 

The central definition and some allied topfa are dealt 
with In the next section, and the mher subjects In the 
following sections. 


Central Deflnltlcm 

The easiest way In which to deal with the definitfon In 
the centre of the field Is by a star test as already described. 
The ultimate testing any lens has to be done by taking 
a photograph with ft, but quite a Im can be done ^pedally 
as regards central definitkm with a star test whid? may be 
figged up very easily and quldcfy. All tfm has !0 be dbiie 
Is to focus the srmdf IHiimfn^ed hc^ on the ground* 
gfa» focusing soreen that can be fitted in mmj 

serious camera, and see what th^ Image k like wi^ mmin- 
Ined with a h%h*power rm^nlffor. It also fmys to examine 
the form the image whoi the lem Is slightly or 
outside Its exact focusing position. 

The factors that mayaffea the central (kflnfthn are i^mrtcai 
aberratlim {page ICS) ami axial chro&mk dferratkm (p«^ 
IZZ), batit ^ which cm he ta a greoti^ or fm exmi ^ 
the qualltf ^ the ^r kn^e. 

With a hm very well for bodi di€»e fintfti the 

edges of the star are sharp and chiar am, md txmm 
Into foa^ and suddenly. When thw li m 

able amount of spherlcaJ abcrrMlon preset the cs^ges of the 
star become richer Wuiwi and the star ft^ may be sur- 
rounded by a tamoi® halo. Thare H no fonger the sudden 
srup into focus, but at! thm can be obtalmd Is a positlex! 
where the Im;^ of the scar Is cramped Irtto the smallest 
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compass. This p<»ftfon cannot usually be fixed as easily or 
certainly as can the position of focus with a crisp Image. 
There Is a certain vaguen^ Introduced about the position 
of focus. Praalcally every photographer will have seen this 
kind of thing In praalce. Some lenses are easily focused 
with absolute certainty. Others are difficult to focus, and 
when focused always give the Impression that the position 
may not after all be the best focus. This effect Is due to the 
amount spherical aberration present, either under- 
or over-correction, or zonal aberration. It shows up very 
clearly Indeed with a star test. 

It cannot be taken for granted that axial chromatic 
aberration will be seen with a star test, but there are 
Instances where It shows up. What happens then 1$ that the 
star image has either a red or a greenish blue edge, or more 
rarely that It has a rather pronounced blue hate. 

Any other delects In tlws star image, such as a bright 
splice of light thrown out, a series of bright and dark rings 
In the figte pitch, or an out of focus Image consisting of a 
bright ring of light with a dead black centre are casual 
faults that can and should be rectified. They are quite 
dlstlna from Ineradicable features of the star Image dtw 
to aberrations in the lens. 


Chm^e (f Focm m topping Down 

nilm tkli^ should be tested espedoJIy with 
b^h-ojpcrUffe oiKf ^mpk wkk^mgk femes the type 
dxwe, when the kits is focused at one aperture and 
the exposure mmk at aix^her, is the change in focus of the same 
object w/fb decreasing km aperture. The focus actually used 
In any specific case is that where the bundle of light rays is 
smallest, and this depends on the lens aperture and the 
amount of spherical aberration In the i^rticular design of 
lens. It Is shown up easily In praalce by focusing on the 
star wfth the lens at full aperture, then focusing with the 
tens a«^^>ed down and noting tl^ difference If any. 

Change In teeming position cannot always be avoided, 
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although as a rule It 1$ at the mc^t of the or<ler of a hun- 
dredth of an Inch or so with a 5 Inch lens, and the fact that 
it can be detected is no definite and automatic raison 
for rejecting a lens. But If two lenses are being comjmrcd 
It is worth looking out for this point. 

Focusing Scales 

The last application of the sur test, because the case 
with which It allows of predsc focusing being done. Is in 
checking over focusing scales on a camera, or the focusing 
movement on a lens in a focusing mount. All tim tei to be 
done is to place the star at different dlstanoes frem the 
camera, move the focusing arrangement to ti^e d^tano^ 
and see how closely the star Is In focus, A few Indtm tole» 
ranee should be allowed on the setting of the star as it is 
cAen n<^ evident whether the distance is to measured 
from the front of the camera, the front of the lens, the 
forward nodal point, or the food plane. Teeing the focusing 
movement Is more importai^ with a i^Nsond-bafid than wfdi 
a new lens or camera. If any pfay In the movaneiit h found 
in a lens mounted in a fooising mcKint, It sfK^M bemtwt 
various posttkms and the focused m the wrem. Tl^ 
image should tboi be ocauninol in each of the^ pc^dtfons to 
see whether during the cmirse of its focusing movement the 
lens remains square on to the plate. 

The adjustment of focusing scales just described docs not 
apply to non-achromatlc lenses sudi as arc found on the 
cJicapest types of camera. The adjustment then H a rather 
more oomplkatol ^falr neccssltatliif iliorwinota 
chroma^ rffocts and ^dd cairvature, and fa best ^ 
tirely to the auma mmt^uturer. 

TWe fa mm ftfitlw af^Hcatlon of mIncNr liiip<«anas to 
which the star can be pt^ and tim fa ^ test a filter 
(p^ 273). Foois the mr mi the ground gbiss wtthout 
the filter. Thai put the iitcr In front <rf the lens and re- 
exoninc the rtar Imige. Tl^ qmdity of the definition given 
whoi a poor flker fa used wlil acpiain better than any wor^ 
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the wisdom of getting a reafly first<Ias$ filter, optically 
worked and polished. A second-rate filter brings even the 
best fens down to Its own level, and this can be seen very 
dearly Indeed with a star test. 

Chromatic Effects 

it has already been mentioned that In some cases the 
presence of axial chromatic aberration makes itself known, 
espedally with a heavy secondary chromatic spectrum in the 
lens, when a star test Is made. It shows up as a red or 
greenish fringe round the star Image, or a blue halo round 
the Image. These colour effects, especially In so far as they 
deal with blue light, can be seen most clearly by repladng 
the haff-vratt bulb In the star by a photo-flood bulb. 

Ewcn if the axktl dfromatJc aberrotfon cannot be seen In a 
stm’ test ti^ng a photo-fhod, ft not be assumed that it 

is otofit as far cn its effect on the photographic plate is 
conceived. The eye and the sensitive plate respond to 
different colours to widely varying degrees. 

Lateral Chromatic Aberratlm 

The other cofotir effKt, the lateral diromatfc aberration, 
can ^so be seen In a star test with a photo-Hood bulb. The 
catnap h aimed so tt« the star Image Is near the corner 
of the grouml-gfess screen. The Image Is fbcmed and 
examined with a high power magnifier. When there is any 
appreciable amount of lateral chromatic aberration present one 
sije of the image has a red fringe, and the other has a deep 
blue fringe rather wider than the red one. With panchromatic 
material this shows up as a blurring the definition. The 
further away from the centre of the field the grater the 
spread of the red and blue fringes, and the greater the 
Wuning of definltlcxi and falling off In performance. With 
colour materfel the lateral chromatic aberration can become 
f^rtloiiarfy troublesome. It gives coloured edges to all 
objects away from the centre of the field. 
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to w^cii libe ^ ili»M <a@v«r ^ 

Qtpi^^orloc^i^scr«e^ Hie tom ^ tomwi cm lilt Itoit to ^ 
mmmt atd a ^toa^sfn^ taken cm txkom ^n. Tkt knatfei cif tke 
tomktos (toes ire ctom e^cai^ied cototred ^ck Iwi eltlief a 

kicm or I red firtofo fsmoMm db^e h lifienl d^r&mmkc ikcrntlont 
and irtofe it mmm promomce^ on tke outer set ol Itoea 23i>. 


TESTOKS LATERAL CHR<>iATIC A&ERRATK>N 
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As far as lateral chromatic aberration is concerned it can 
be dealt with quite satisfactorily by a star test using a photo- 
flood. If any additional check Is needed, especially If the lens 
Is to be us^ extensively with colour stock, this can be done 
by photographing an easily made chart, on colour material. 
^ The aim of the chart Is to provide a white line on a black 
background which can be photographed. A simple form H 
shown on p. 237. The line Is produced most easily by pasting 
black paper on matt white card or heavy paper already 
fastened to plywood, braced If necessary to prevent It 
warping. The lines should be about .15 Inch wide and 
photographed at a distance of about 10-15 feet from the 
lens with a lens of 5 Inches focus or lens. With longer focus 
lenses a few trial and error attempts will soon show the 
width fine to use. The chart size has to be fixed so that 
its image on the pkte co¥ers the diagonal as shown on 
p. 237. The way of doing this foliows from the discussions 
m pages 46 and 58. 

Tlie resulting (rfcture should be closely scrutinised to see 
whether there are coloured fringes on the irmges of the 
lines. The symmetry of any fringes obtained, so that the 
fringes are in ail cases red inwards and blue outwards 
the otha- way round, and the way In which they become 
m)re notloeaMe the outer fines, show ttet they 
are<Miiteiy produced by the teis and are not casual defects. 

T&m k me very f<Kt to bear in n^nd, <md that 

k the fact that the hteral chromatic <d>erratlm Is cut down 
or changed by string dawn the fens. It Is an effect that is 
quite independent of the iens aperture, and is Just as likely 
to be found In a small aperture as In a large aperture lens. 

Enlarger Lenses : The tests for lateral chromatic aberra- 
tion Just given are intended for phot<^raphlc lenses. 
Enlarger lenses can ^lly be tested for the defect, but they 
siKmid be tested In an enlarger, under the conditions In 
which thcylare to be used. What this implies H the prepara- 
tloii of a ^st negate consisting of fine transparent lines on 
a dead bbck background. The lines should be about .002 
Inch wide for a 2 Inch to 4 Inch fixus lens, and about .004 

2 ^ 



Inch for 4 fnches to 7 or 8 Inches. There are no partfco- 
larly close limits on the widths of the lines and the values just 
quoted are a rough guide only. A test negative can be msde 
by photographing the chart d«crlbed above on a process 
plate with a lens, already known to be satisfactory, stopped 
down to an aperture two or three stops below Its maximum 
aperture. The methods given on pages 46 and 58 explain how 
the chart and camera set up should be arranged to give the 
required resuk. An alternative type of test negative can be 
made by taking a strip of film such as Is made to deimm- 
strate the performance of miniature projmon and mount- 
ing It so that It stretches across from cxmier to oc^ner of 
the area from which enlargements are to be 

The Image on the enlarging board should be very carrfully 
examined for coloured fringes on the lines, especially for a 
red fringe. This shows up better than the blue fringe. Any 
lens with a pronounced red fringe should be rejected. It Is 
useless as an enlarging tens. As a rule it Is quke encHigh to 
t^ the lens at one degree d eniargennsfit. 

Axial Chromatic Aimr^km 

Wbereem the testln; for l^rd dmrratim am be 

dme quite well with a star test, dm fixt 

axkd ckrtmatk dmrrmhm Ims m be <kme 

k comIsts In focusing cm one object In the centre of the 
fieW, and photographing a group of oi^ccts cfose to tblf, 
seme fearer the lem and seme further away, A ^le^l 
group Is shown on p. 241. The step-wto U m 

addition^ agidnat resuks ofnaft^ad by 

a of the emmeto. SukaMe cdsfec^ can 

be by pa^i^ sftps of i^fw^yiper sub^icadlnp on 

wcK»dmMi^far^»ssk^oiip. 241. These can be 
grap^i as a dtoiKe of thorn 15 feme The main thing to 
setde on k the ^paratfom between the varfous effects In 
t^ groi^, 

TTie formufci, or ^ test one that Is suffidcntly 

accurate for all practical work Is as follows : If the distance 
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of the middle object from the lens Is D inches, the separation 
becwttn objwits d Inches, and the focal length of the lens 
F Indies, then the separation between the Images Is given by 


Image separation = 



X d. 


Fw Instance with a middle object at 1 5 feet, a lens <rf 4 Inches 
focus, and a sepiaratlon between objects of iO Inches, then 

D= 180, d= 10, F= 4, and the image separation — 


X 10 == .005 inch very closely. For a lens up to about 4 
Inches focus the separation should be between .0015 Inch 
and .0025 Inch, and for lenses over 4 Inches between .0025 
Inch and .005 Inch, as a rough rule. As already mentioned 
definite rules canned always be fixed, and a little common 
sense In practice goes a long way. If the separation seems too 
farge or small with a particular lens It Is a simple Job to 
rq>ea£ the photograph with a varied separation. The values 
gf^ above will be found useful In very many cases, and a 
ccmvenlent starting point In the remainder. 

As far as Is practicable the photographs should be taken 
on panchromatic fine-grain stc^ 

The procedure is os fbikm : number the test objects from 
i to 7 as shown on p. 241, with No. I farthest from the lens. 
The middle erne Is 4 : focm on this visually with a focus- 
ing Thm a plate and examine the Image on 

^ In the absence of axlai aberration No. 4 will 


be In siurpest foa», with Nos. 3 and S, 2 and 5, etc, equally 
diffuse. 

If No. 3 Is sharpest, with Nos. 2 and 4, Nos. I and 5 
equally diffuse there Is axial chromatic aberration present. 
The separation between the visual and photographic Images 
In this case is equal to the separation b^ween the imag^ of 
Nos, 3 and 4, and the phc^ographlc focus Is longer than the 
focm by this amount, if No, 5 is sharpm the photo- 
graphic focm is shorter by this amount. If No. 3 and No. 4 
arc eqmliy sharp then the photographic focus lies between 
thdr respective Images. 
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Aboire X The a.iTangemefit ol dmrts ii»eci lor 
tecdfi{ axial diromaUc at>erratk>ii ii sIk»wp 
pto and Bdi dmrt pn^- 

amy liiv« the same type ol on It, One 

fcma oofi^fcs oi mipe €4 nemrapap^ 
sotH^eai^fiEi. tlie km U looked on Roofer 
4 md a pooeo^‘a|i^ tadtm. chromatic 

eb^rmkm $ht^ up thm kf ^ tlit 

phc^^n^ a sl^rper ol 3 or 5 thm d 4 



Mtm; ’tUmdddk^tmamwhens^ mk^ leM be 

eaoMlfiedl emkuT^ coedmom hf a il<^^ 

bomd. Ani^p^fvedi^eiwicirr^iciwaxlptwiiil^^ 
olt^^arj^wia^^ Ate bfooi^ 11103 Hie of 

aj^aldimiiiatkabwiiiaonteaiiofleniiytbelff^ eftficr 

S w C b^t ^ that d A. A mkad® il<^ d the board it 

donees ^ 

TESTING AXIAi CHRmATK ASERHATION 
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What is fundamentally the same procedure can be used 
to test the correction enlarging lenses under their actual 
conditions of use. An enlargement Is made with a sloping 
board as shown on p. 241. To get the best results It should 
be made from a test negative made by photographing a 
a sheet of newspaper on process plate. The enlarger Is 
focused on the centre of the board, marked A on p. 241, the 
printing paper Inserted, and an enlargement made. If there 
is no axial chromatic aberration the definition of the enlarge- 
ment Is best at the point A, and equally diffuse at B and C 
as also marked In the diagram. If the blue focus of the en- 
larger lens Is shorter than the visual focus then the definition 
Is ^t at B and equally diffuse at A and D. If It Is longer the 
definition Is best at C and equally diffuse at A and £. 

This test. Incidentally, as In the case of the corresponding 
test for photographic lenses, shows In a very obvious manner 
tins &iHng off In definftkxi that results from using a lens 
st^fering from axial chromatic aberration. A suitable slope 
of the enlarging board Is 20 to 30 degrees. 

A lens that has been used In a satisfactory v^y In an en- 
brger vdth ordinary haff-wtt lighting should still be 
ch^ed, as Just desalbed. If It Is to be switched over to 
regular use In an entargo- with mo-cury ^pour illumination, 
hfetny cnbfglng lei^es will work all right under the new con- 
dtek^ there are some tfoit show s^ns of axW chro- 
aboT^on, and tho 1^ should be «camlned for this. 

Secmdmj ^lectnmi ; There h one ftirthcr aspect coaxial 
chromatic aborratlon to be dealt vrith and that Is the effect 
of the secondary chromatic spectrum. It Is the secondary 
spearum that makes It Impossible to use a lens achromatlsed 
for visual work as a photographic lens. In a photographic 
lens correaly achromatlsed for this work the secondary 
spectrum usually Is nc^ very much In evidence even with 
panchromatk emutslor^ But In photographic work where 
an unusually high qtolfty of pafo>rmance Is require. In 
process work, ami In first-dasscofour work. It does show up. 
With bbdc and white photography and with photography 
as applied In process work the secondary spectrum gives a 
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slight blurring of definition, appreciable only when the 
highly critic^ standards In force In this work are appli^. In 
colour work It shows up as a red or gr^nlsh blue fringe 
round the edges of objects In the centre of the flek, 
especially where Indoor shots Including such thinp as 
electric bulbs or flames are concerned, or anything equaliy 
bright. The coloured fringes In this case differ from the 
colour fringes caused by lateral chrofTi3U:ic al>errack>fi In 
that they are the same colour on both sides of the 
and not as bddre red on one side and Wuc cm the other. 

The testing for the sccsondary spearum can be canied 
out well enough far mc^ (Hirposes by the 

for axial chromatic abcrr^lon with Wue, yi^atw, m4 red 
filters In front of the lens. Alternatively It can be carried om, 
by photographing a star, as desolbed in the star te^ on 
coi<^red material. 

It is only In rare cases the secondary spearum 
is at all notioeaWe, and to n^et the requlremenu of these 
cases there are apodiromatlc pwosu ienses, and kmes 
derived frcrni the type with a specidliy re- 

duced seoHKfary spectrum. Both of thcac types have btm 
described in the previous d^pcer. 

T^ng the Field 

in testing a photographic or enterglng iem the most 
important thing Is to fir^ cnit what the definitkm In the 
fkW Is like, away from the centre of the nepa^ or oilarge- 
ft^ent. 

The central deAnItlon ebronntlc correoioa of way 
piioto^'afiMc leni o*® Any are 

eaMly deaic witfc by the teid^ metbesdk 4eacrAtd above. 

In Ae «ie^n of one of d»e« tewei It li a coroj»n^vdy 
sfnif^ tWnf , except In the ewe of tonm extreme aperture 
lenses, to get the spherical AotkIob atwJ Aromwlc 
aberrttion wdl corrected. The craln difficulty that faces 
the doigner Is to g« a high tandard of definition over the 
field away from the centre of the negative. In other words 
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to produce a lens as free as possible from astigmatism and 
coma of aii orders. The outcome of this state of affairs is that 
in every case the value of the leas is determined by its per- 
formance away from the centre of the field, where the definition 
it gives is much inferior to its central definition. And while 
in comparing lenses or testing any lens the central definition 
and chromatk corrections should be examined It is of 
fundamental importance to examine and compare the 
definition over all the field. 

Ideally every point away from the centre of the field, 
and every line, should be reproduced sharply and clearly 
as a point or as a straight line. In practice this state of 
affairs cannot be realised. The aberrations described on 
pages 102-129 come Into play and make It Impossible to 
realise this flawless definition. And It follows from this 
that these same aberratiom, as already described, furnish 
a v€^ guWe as to what to look for when testing a 

From the account given on pages 1 10-122 coma, astig- 
matism, and field curvature It follows that three types of 
definition have to be dealt with : 

(1) The definition of a point. 

(2) The definition of a line or edge stretching out like a 
spoke from the centre of the field. 

P) The definition of a line running transversely across the 
ra(M fines ike the rtm of a whed. 

Wl^tever h photogrif^*«l should preferably show all three 
types of definitloii separ^dy. The types of photograph 
that are semjetimes given, showing some picture of artistic 
merit, are virtually usdess as fer as a critical assessment of 
the lens performance Is concerned. Rather better Is the 
phe^ography of a chart consisting of printed matter. This 
up in a fdriy clw way the quality of the averaged 
pofermanco of the lem, but is uncritical to the extent that 
It does not sort cm the exact oontrlbution df each type of 
wfihom: very careful ecamlnatlon. 

When a test of this type is to be m^ a a>nvenlcnt way 
of c^rylfig It am is to f^iocograf^ a she^ of newspaper, 
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Tof> : The of the charts or sttpport sqtttre on to tkm km am 

be chedced by a string stretched from dw lef» to points tm the ckirt 
e(|ii{’<llstant from Its cenm. When the dmrt Is S4|ii»re on m the hm 
shown bythedotted tine) the from tim lens to poim P 

and Q that are eqid-i^tai^ from ^ coitre of the chart i {mmmtmA 
adofif the chart) are et^nd. If tlie chart h not sfwm on theee the ^ 

A Is hrther tlie leso* The ceno% cd* tJ^ ilart i mpohic whose 

imafe ta the centre df ^ focm^ screen or mni 

Bomm : The padbrtnamce of a lens can be ^sced by a r nn^ h ^ 
on a si^^>c»rt m tha^ diahr Images oow the pli^ or as shown. A 
seitabk type of ^naR chart ^ moontiiig In thh way Is shown on 
p.m 


TESTIW5 CHART ADRJSTHENT 
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preferably with the kind of typescript and paper texture 
that one a^odates with The Times, so that the Image on the 
plate Is between one-fifteenth and one-twentieth of the 
size of the original. How to work this out comes directly 
from the formulae 

One-fifteenth redualon. Distance of chart Is 1 6 times the 

focal length of the lens. 

One-twcntleth reduction. Distance of chart Is 21 times the 

focal length of the lens. 

Even illumination Is an absolute necessity, and Is usually 
best obtained by photo-floods on either side of the camera, 
ft Is also of major Importance that the camera and lens should 
be square on to the chart within close limits. This can be 
ensured sufficiently nearly by stretching a cord from the 
front of the lens to the screen and using this to line up the 
chart. The centre of the cteut Is taken as the part that 
gives an Image In the exact centre of the focusing screen. 
Equal distances from this centre are marked off on the chart 
and the cord Is used to check over that these are all the same 
distance from the front of the lens. How this works Is shown 
on p. 245. The exaa centre of the focusing screen can be 
found by drawing lines diagonally from the corners of the 
screen to cn^ In the centre. 

The photograph should preferably be taken on a fine- 
grain fxuichrcwnatk material of medium contrast, and 
dev^^ed with a developer tkM Is too contrasty In Its 
resultx A cemtr^y n^^fve hides espedaffy the coma 
fklrs that are of importance, and that show up when there 
Is not such hard a>ntr^. 

As already mentioned even illumination Is a vital neces- 
sity. This Is especially so when two lenses are being com- 
pared. In this case also the negative should be of the ^me 
density. It Is impossible to compare negatives of different 
densities in a reliable way. 

The virtues of the test Just mentioned are that It Is 
^ rig up with materials at fund, and that It gfv« a 
goieral outline of the lens performamce. its defect is that 
It Is not sullldently predse for really accurate work, or 
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sufficiently analytical as far as separating the various types 
of aberration is concerned. 

Test/ng Charts 

To get the best results a chart specially designed for lens 
testing should be used. There have been several cf these 
d^crfbed at various times, foltewfng more or less logically 
along the lines laid down by the thec «7 of the abernwfons 
on pages 102-129. But many of these have been rather 
complicated for actual use outside professional miWfeh- 
ments. 

As far as test/ng the cmtering pom^ of a km Is immmd the 
necessary results can be obtalr^ by pjiKing smaii cterti 
on a wall or other support thot tfwir Irmg^ amr the 
of the lens or the negative as shown p. 245. They Ite ikmg 
each semi-diagonal of the plate, one-third, two-thirds, mt4 
at the end of the semNiiagonai, approximately, with an 
extra one at the centre of the field. The ^ttcrn of each 
of these darts has to be chosm to show up the varloi» 
kinds of ddinitfon meitticxied and to a ro^h nunw** 
leal way of dcscribliig tte perfom^icc* A fxKtetm 

Is shoOT full-size on p. 249* 

When arranged on a wall or d^k suf^>ort as shown cxi 
p. 245 so dot they cover the pktt to be used ftl^ dm of 
support and ^ on can be worked out by the methods ex- 
plained on pages 4d, 58, once the size of plate Is known), they 
are suitable for photographing vdth lemes up to 8 Inches focal 
length d, a dtetance of 10 feet for all focal of ^^es. 

At this dtofice the {nedlum group of hues noriked M give 
In^es with a f Inch tea th^ arc i/1200 teh vidde# a 
2 Inch tea 1/600 Ifidi, so on up to I/I50 fodi 

for an 8 tiKh tea. Tte tter l«we^ the 

Him are the same wl<feh as the Rnes thenoelves. The 
fk^r sets give Hues wftb *5, 33, of thM and the 

courser sets love ^poradem 1*5, 2.0, ami 23, times that 
tte Af ^ The droilar dots give Im^ with the same dla- 
m^er as the iwddth of the mmflum lines. 
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Charts should be made up which are both positive and 
negative copies of the chart on p. 249 and photographed 
under the same conditions as for a newsprint chart. 

The Images of the circular dots In the negative charts, /.e., 
of white dots on a black ground, when examined with a 
high power magnifier, show some of the aspects of definition 
of a point object. They show up anything in the way of 
coma flairs and any spread due to lateral chromatic aberra- 
tions. Other important aspects. In particular the contrast 
afforded by the lens, are shown by examining the Images of 
circular dots In the positive copy. In the presence of exces- 
sive aberrations the light encroaching from the white sur- 
round may be sufficiently intense to wash out the dot Images 
completely. 

Resolying Power 

The quality of the definition of the lines gives an Idea of 
the “ resdving power ” of the lens, and it may be opportune 
to say something at this stage about resolving power. 

The Idea cf resolving power originated In astronomical 
work, with the Idea erf specifying how for apart two stars 
must lie so th« they could be distinguished from one another, 
with the telescope whose resolving power vws under consid- 
eration. What this Involved essentially was the separation 
of the Images of two points, so that It could be Inferred that 
there were two stars and not Just one producing the light 
patch. 

With photogrophte lenses the term resolving power has come 
to mean for the most part the separation that must exist between 
the images of two equal lines, with the space between them 
equal to the width of the line, before the two Images can be 
distinguished on a photographic plate. 

Suppose for Instance that on a photographic plate with 
a given lens the cl«est lines that can be separated are .005. 
Inch wide, with spaces .005 Inch wide between them, 
then one hundred lines and spaces of this width each could be 
drawn In the space of an Indi, and the resolving power of 
the lens can be described in this case as " one hundred lines 
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per Inch/’ With closer spaced lines the spread over of the 
Images dtie to the aberrations and diffraalon means that It 
Is Impossible to say that there are on the plate the Images 
<rftwo dlstlna lines. In other words the closer-spaced lines 
are not resolved. 

What Is Important for photography Is the r^olvlng power 
of the lens and film combination. The ability of the lens to 
separate dose detail Is determined by the aberrations 
present, and the ability of the film to record detail is deter- 
mined by Its gralnlncss. Typical resolving powers for 
dlfferent sensitive materials are given In Table XXXI. These 
figures relate to resolving powers determined under the 
most favourable conditions of exposure and development. 
These same factors and the contrast of the target lines must 
be taken Into account In determining the resolving power 
of a lens-film combination; and In comparing two lenses the 
cofidltlom must be ^ndardlsed as much as possible. 

The res<^ing power of a lens nnay be measured by using 
a microscope to examine the Image of a test chart. This H 
sometimes referred to as the visual resolving power of the 
lens. The resolving power of the film Is measur^ by forming 
a test dmt Image on ft with a microscope objective. A useful 
rule given by A. H. Katz is that the resolving power of lens-film 
ofrMnatkm is etpal to the product of the hns and film resolving 
powers divided bf thdr mm. Thus If the lens im a resolving 
power of 3000 lines p^ indi and the film a rcsohring power 
of 1400 lines per Indi, tl« resolving powor of the lens used 
wWitbh film Is (3000 X 1400) 4- (3000 + I-WO) = «5 lines 
po" Inch. 


XXXI.— RESOiVIhK; POWER VARIOUS EMULSIONS 


^jmhhn 

Resoiving Power in Uneslinch 

Vertehromc RoH Bhn 



1100 

Sttner-XX Roll Rim 

... ... 

1250 

H.PJ. Roil Rim 


1250 

PanatoiT^-X Rol! Rfen 


1400 

S^er^XX 35 mm. Blm ... 


1400 

Pf^X 35 mm, Rim 


1750 

Pmtomi&X 35 mm. Mu 


2150 

Slow Process Plate 


3750 

Kodalc Resoliftloii 


30000 
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This is an approximate rule only, but it serves as a very 
useful guide to establish the ovmJI performance of lens and 
film. To determine the optical resolving peower photo- 
graphically it Is normal to employ a film or plate having a 
high resolving power, such as a process type pelate or film, as 
the conditions are not so crltl^ as with fiunter emukbm 
which have a lower resolving power. In every case whre 
an optical resolving power h determlnrl, the sensitive 
materkis used should be stated. 

It is Important In all cases to get an idea of the reserving 
power of the lens over the entire field him to ojw and 
not just In the ^ntre of the fidd. There is afao a ftirtho" 
point to notice. Because of ast^nmism there are two types 
of definition and resolving f>owar away from the centre 
of the field, one for radkl lines and one for tangenthd lines; 
these are quite dktina. 

A lens should not be Jik^oI by Its resolving power only. 
This fatter provides a compact and uscftjl description, but 
not necessarily a complete chic. 

Attention mi®t be paid not to re^>fvh^ powor but 
to die renditkm of omtra^ Exambadon of the bilges of 
n^atlvc r^H-odualons of the tac chart shown on p. 2# 
will give the resolving pc^irer, ami an ocamln^lcm cf the 
ifmges of px^ltlve reproductions of the test chart will show 
the rcprodualon cf detail contrast. 

Taken together th^ provide a useful Indication of Icm 
perfimimncc. 

Resolvhig pKwa- measuremems are tauafly carded om <m 
bbek and whfec n««rfai because of lower reac^^ 
powo^ofoobursiodc. If a le^ fa to be tmd for 

coloin' wixrfc a safes of tms sfe)dy be rtm Macjt imd white 

wWi trloolotr, grem, imd red item b firoi^ of 
ian. 

Edof^ng bemm : To test the ieM of an cnfarglng tens 
emc us^l procsedufe fa to photograph the test dmrt on 
HJL Kodak Maximmt Remktthw at a distance of 
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10 feet or so with a lens of about the same focal length as 
the enlarging lens. 

This photographing lens should be of the highest perfor- 
mance available to the worker and stopped down to two or 
three stops below Its largest aperture to get the maximum 
definition. And finally the negative should be scrutinised 
with a low power microscope to make sure that a clean 
and clear cut negative has been obtained, with every line 
crisply defined. 

If this cannot be achieved the chart should be photo- 
graphed at a great distance with a lens of correspondingly 
longer focus, so that the thlckn^ses of the lines are about 
the same as those which the shorter focus lens would give. 
The angular field covered by the longer focus lens 1$ 
smaller when it Is producing the size of negative that the 
shorter focus lens would cover, and It has consequently a 
betto" chance of giving a dean negative. 

An enlargement this negative >viH show the quality of 
definition of the enlarging lens. 

An alternative method that can sometimes be applied 
is to take a photograph with the lens under test of printed 
matter such as newsprint or a page cf a book, with the dis- 
tance of the print from the lens equal to the distance of 
the cnbrglr^ board from the lens when the d^ree of en- 
krgement Is one of Intere^ 

HJee an enlargement of the negative wfdt that d^ree 
of enbrgement dready rrferred to and then compare the 
enlargement with the original. They are the same size 
when the procedure just described Is carried out, and 
comf^rlson Is easy. 

If a phc^ographlc lens Is being used In an enlarger It Is 
best to give It a series of tests at varying degrees of enlar;^ 
ment, from one-to-one copying size up to about eight times 
enfargement, as these types have a tendency to fell off 
appr«:tably at the lower degrees of enlargement. 

The minimum distance at which any test of a photographic 
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lens should be carried out Is 15 to 20 times the focal length. 
The definition then obtained dlflfers but slightly, and as a 
rule Inappreciably, from the definition with an objea K 
infinity. This cannot be guaranteed for shorter dtonces. 


Distortion 

The main tests that should be carried out in Judging or 
comparing lenses have been described. Wh*t remain are 
more or less tests to dear up some smaller details. 

The first of th«e is distordcm. What it meaiw and d« 
effects it produces have been described on ps^ 1 19. The 
amount present in any good modern lent is not at aM troubte* 
some. There is usually some present, but In a 
amount for most purposes. Where it wouW prove most 
troublesome is in a wide-angle or a telephoto lens, especially 
a variable power telephoto, and it is worth kxAlng for 
It in some of these c^es. 

The easlet way of testify iw it b to photc^raph three 
plumb-lines of vrfjH:«»ed or dtaUced strhfqj hangif^ agdnst 
a bl^k backgrouffo. They are arranged at abom 10 fe« 
from the camera and spaced to oovw the place as shown on 
p. 255. The camera can be squared on to thwn exactly as 
was done with the test chart In the prevtowi section. The 
lens should be sco{^>ed down by one or two stops to up 
the definition somewhat (diitcution does not depend on the 
lens aperture), and focused on the centre plumb-line. 

A straight edge fdaced afongiide the images of the outer 

lines will toon ri>ow any af^edablcdtoarticm by the boadi^ 

of the hoe away firom tte rale. A check B»do by piac^i 
die malgfo: edge the omcre One, wM be 

(hstortloi) or budchng of the piste or «bi to the camera 
but is a tr^ lens defect. 

Vlfftetting 

The remaining tots are not concerned with flaws aridng 
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from abcrrattons biit with other minor types of defect that 
rmy be present. 

For instance It has already been pointed out that it very 
often happens that the definition at the edge of the field 
is rather better than the definition in the Intermediate zones 
the field. This Is due In part to the astigmatism correction 
adopted. But ft is o/so due in part to the fact that the fens 
aperture Is kss for rays coming from the edge of the field. This 
is known as “ vignetting " or ** winckjw shut-off,"* The way 
In which It arises is shown for a Cooke Triplet type of lens 
on p. 257. The diameter of the back glass is large enough 
to allow rays, parallel to the axis and filling the aperture 
of the front lens, to get through. The same holds for the 
size of the Iris diaphragm aperture. But when the Incident 
rays make an angle with the lens axis the situation is changed, 
as shown on p, 257, and not all rays hitting the front lens 
are permitted to get through. Tliey are stopped by the 
lens mountings. 

The vignetting Just described shows up sometimes as an 
under-expo^ area at the edge of the plate. The exaa 
junount varies fiom lens to lens. The longer the lens the 
greater the tendency to vignetting, for instance vignetting 
is more pronminced with the Betzvul type of lens than with 
the more comfXKt Cooke T/p^ 
k cannot be re^rded asa fieassslty tomotsure the anK>unt 
of vi^iettifig in a km, bi^ ^ ^ sm^e it h often useful to 
omipare two ieims frofu tirts p<^ of v^. 

Tlie t^niqiie ft sfinpie. The lens ft set for Infinity, 
either by trusting to the fooislng scale or focusing mount, 
or by focusing It on ground glass. In any case after the 1^ 
ft set a piece brass or rigid card ft put against the plate or 
film locating surfeces. In this card are pierced two fine hotel 
about 1/50 Inch in diameter; one hole ft at the centre of the 
plate and the other at the end of a di^onal. In the comer of 
the plate, if the hole ft pierced in metal it should be counter- 
sunk so that it will not contribute any cut-off of its own 
to ccrniplicate the vfgnmfng effea of the lens, or even make 
it ImpractIcaWe to measure thb latter. Behind the card or 
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brass is placed an elearic bulb, shaded so that the only light 
escaping is that going through the fine holes. The fight 
front each of these holes emerges from the front of the lens 
as a parallel beam, one beam parallel to the lens axis, the 
other making an angle with ft. 

The comer hole Is tempcn^rlty blocked, A piece of 
sensitive paper Is then put over the front of the lens. The 
iHilb Is sw^ed on lOTg enough for the rays from the 
centre pinhole to make an Impression on the paper which 
will devdop readily. The same procedure Is then followed 
with the rays coming from the corner pinhole alone. 

On devdoping the paper It will be found that the rays 
from the centre pinhole give a circular f^tch, but the 
rays from the corner pinhole give a patch of light of the 
stepe shown on p. 257, sbovting that only a smaller portion 
of tf^ lem a^>erturc can be t»ed rays going to or conning 
from the «lgc of the fidd. The ratkss of the blackened 
areas in the two cases can be taken as a measure of the 
vignetting of the lens. 

Incidentally this method can be used to make sure that a 
lens hood Is not cutting off light going to the corner of the 
field. The test just described is carried out with and without 
the lens hood In pl^e. Corresponding areas should be 
equal, akhoogh the ^ges may not be so sharply defined 
with the tKx>d In pboe owing to the Inoxased distance from 
tkt froia and the dlYo-^ncc of the beaim d ue to 

the necessarily tnlte ske of the pinholes, if the area is 
snmller with the hood thwi this h cutting down the light 
to the corners of the pbte, and should be shortened. 

When the lerK Is stopped down the size ofthe Iris aperture 
Is the governing faaor, the effealve vignetting Is reduced. 
The beams that get through are more nearly the same size. 
This is shown on p. 257. it can be checked up by the method 
described above. 

incNkntaUy this procedure allows a ch^ to be made of 
tkt conrectness of the f-nimnbw engraved on the mount. 
CMde ti^fbcal length ofthe lens by the diameter of the light 
patdiotoliiedwIthdiecemTalhote. This gives the f-numb«“. 
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The rays of a parallel beam of light (top), parallel to the lefts axis, |Oln| 
throu^ the lens at full aperture arc mainly restricted (exce|K In aotne 
very special cases) by the edges of the lenses and the metal of the mount. 
The same Is true fora beam Inclined to the lens axis (tower), but In thte 
the rmtrictkxt h more severe. The cross-section of the axial 
beam is a comptete drefo Hg^}, Whh the IndiiMd bmm (tourer 
right) only a fracdon of the i^pwsrture he usnsd atiid the cxoei-sectloii of the 
be^ is smilter, as shown (p. 254). 




When the tens Is topped down the be>f_ Bndtatton 


S ^ the n«rtctlon. are .bo»t ^ 

^ Z «Ll (npS^X^Iteed to 

the same DTOoortioii « *• aperwre Is used la ent* esse (p. 256). 


the same propexiion 


4 the aperwre Is i»«l In emdi erne (p. 256). 
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Flare 

The last trouble to be dealt with here Is the formation 

ghosts or of flare. 

A <«rtain amount of light Is reflected at each lens surface. 
Light undergoing two reflections as shown on p. 259 reaches 
the plate or film. And since It has not been through the 
regular or routine series of bendings It Is unlikely that It 
will come to the focus that It should reach. This happens 
with rays from all bright points In the field. 

When these rays that have been reflected give an even 
distribution of light on the plate all that happens Is that the 
contrast Is Impaired somewhat. The real trouble arises 
when they come to a focus not far from the plate. What 
teppens with a bright objea p<^nt then is that It has two 
Images ; one H Its true Image, the other Is a rather diffuse 
and out of focus ghcat image ** produced as Just 
described. 

Another type of reflection that may on occasion prove 
troublesome is that from the film or plate itself. Some 
of the light falling on the sensitive surfecc of the plate or 
film is reflected back to the lens. Here It may undergo a 
further rdiectlon at an air-glass surface and be return<^ to 
the sens^ve m^erial. As before there are two distinct 
diects that light rrtumed In this wzy can produce. If the 
ligte fdlowl*^ such a path does not come to afocus near the 
sensitive material ^ Just produces an Increase in the overall 
level of fogging. Of greater Importance Is the case where It 
does focus near the plate or film. In that event a ghost 
image Is produced as already described above. The path 
of rays that may form such an image are shown in the dia- 
gram on p. 259. As In the case where two reflections ukc 
place in the lens the formation of ghost Images is, as a rule, 
of greater concern than the Increase In the level of fogging. 
And in the same way the trouble Is mainly encountered 
when there Is one highlight of particular intensity, such 
M the sun or an electric bulb, near or actually in the scene 
to be photographed. 
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T&f) : A ffbost im^ Is formed by rvf% ire rellMed two wk to 
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h^om mrbkg p^ely the km kmM* The ^ now fdays the 
loTfiierty by a i^a® ^ ih“ murhm. Rays Me diown, which 
are rdlected by flini ^ the mrhm R4. Surface tresmnent 

recces the dmnces ol IMc reiected at the ilm be^ retnrtied to the 
sen^dve mstefi^ by rejection le one of the iem Miriices ip. 259). 
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There Is no short cut to finding out whether there Is a 
pronounced ghost or flare In the lens. The b^t way to 
look for It Is to hang a bright pearl electric bulb either 
Inside or outside the field covered by the lens and look for 
the ghost Image on a ground-glass screen. Alternatively a 
photograph can be taken under these conditions. 

Experimental Depth of Field 

A few more words about depth of field may not be out 
of place. The main trouble has been the divorce too often 
existing between the man who used the camera and the 
specialist in lens theory, and a clinging to formulae and stan- 
dard phrases rather than going to the facts behind them. 

A depth of field chart Is In every case only a tool to be 
used In arranging a camera set up, and not a dogma to be 
rigidly adhered to. Every man should judge for himself the 
stages when an out-of-focus object Is too diffusely defined, 
and, on the basis of that, draw up his own depth of field 
chart, taking Into account while doing this the individual 
way in which the aberrations of his lens will upset the 
orthodox values of the depth of focus. Photc^raphy has 
to be done with a camera, not with paper and ink In a com- 
puting office. 

In dealing vftth depth field the thing to do Is to experi- 
ment, to photograph, ^ then to judge. 

The labour and time spent can be cut down appreciably 
by going about this in the right way. 

For every lens aperture there Is a hyperfocal distance for 
that particular lens. Once this Is known the depth of field 
can be worked out In detail, as explained on page 58. The 
whole crux of the matter Is to find out what is the size of this 
hyperfocal distance. It can be calculated by making various 
<mumptk>m. ft should be fimnd by practical work, as explained 
bekm. 

Set up some of the charts used for testing the field In 
echdofi as shown on p. 261, with the middle chart at 8 feet 
4 lnch<» from the lens. Then the set of lines marked M on 
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the middle chart give images on the plate, with the 
separation of the fines equal to the diameter of the disc of 
a^ysion demanded by the theory described on page 59, 
.004 Inch for a 4 Inch focus lens, and so on. 

To get the positions of the other charts, work out the 
orthodox limits of the depth of field as explained on page 65 
when the iens is focused on a distance of 100 inches. For 
Instance with a 4 Inch iens working at f 5.6 the hyperfocal 
dhtance is 715 Inches, and the farthest and nearest limits 
are at i 16 Inches and 88 Inches to the nearest Inch, /.e., at 
16 Inches and 12 inch^ from the plane focused upon. Set 
the charts at I, IJ, and 2 times their distances from the 
100 Inches plane, U,, at 108, 116, 124, 132 Inches, and at 94, 
88, 82, and 76 Inches from the lens and photograph them at 
these distances. 

Tliere is one thing of Importance that this photograph 
shows up at once, namdy what the same object looks like at 
varloiw dtonces out of exact focus. There Is an immediate 
comparison between the way In which detail Is reproduced 
In the sharply focused and out of focus Images, even taking 
Into account automatically the feet that the objects beyond 
the focused position give Images reduced In size. Such a 
comparison of the vny In which detail Is reproduced Is 
perhaps of greater Importance than fixing a size of confusion 
disc and working religiously to this, it also takes Into account 
the tte tlw depth cf fi^ may be nrKxilfied by the 
presence spherical aberration as already ®cplain^ on 
page 129. 

Suppose that the rendering of detail Is Just good enough 
at one and a half times the orthodox distance inside the 
focused distance, /.e., at 82 inches In the example given. 
Then for working out depths of field for this particular lens 
aperture ft Is accurate enough to take a hyperfocal distance 
l-fl| = 2/3 of the orthodox hyperfocal distance for the 
nearer limit, it may happen with the same lens, at the same 
aperture, that the definition of detail of objects outside the 
foaised distance Is good at the allowed orthodox distance, 
5^ I i6 Inches In the example quoted, and not good 
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enough at I J times the orthodox distance. 124 Inches, 
A fair estimate would then be that the detail was reproduced 
sufficiently well up to I20lnch<», he., to If tim«i the allowed 
distance given by the orthodox calculation. This can be 
checked If necessary by a chart placed at thhs distance, fw 
objects further away than the focused distance the hyperfocal 
distance to be used In this case 1$ I -7- 1 J « 4/5 of the orthodcnc 
distance. 

From this experimental point of view ft Is quite possiWe 
for a lens to have two hyperfocal d^ances to be used 1 ^ 
described Immediately above. Thfe h dm to the spherfad 
aberration In the lens. 

There are one or two minor expcrtmef^ worth trytf^. 

The first Is to set up some charts In the idd In oia-of- 
focus positions and sec how they arc reproduced on the 
plate. In effect, to deal specially with depth fteld In the 
field, away from the centre of the negative. 

The second Is to make an enlargement of the photograph 
on papers of varying textures, ami to see how the exaa 
reproduction of dmif affects the aiiMh: of the 

with different paper fin^es, from glossy to matt ml IINm 
finish. 

Using a camera to advantage ^ an art wtioi^ tadififue 
must be learnt by pr^tke, and 1 few hcnirs speiK cxp^ 
menting with depth cff fleki photc^raphi is time wdl 
spent. 

For those who de^*e an cfxpo^toiefitaix detemtlfied vahie of ^ 
dq>th of held on the lines tr»t fotmd on pafe 59, Le., a 
.001 Inch d^n^t^ for a I inch fens, a d^ of iXH lor a 4 Inch lens, 
and so on. with allawa^ce nwde lor die eises of ipherical 

ab«Tatk>n at h^ft aperoires. a rather <Mierenc |»rocndwna mast he 
Mibpted. Tim tmki object ifate Is eo m lai wepe H a ae wnd rather thawi 
a tl^oretkad vafue of the hyiperlocd fecmce , or whaa coflaei to ^ 
saine thing, to see how fy 01 ^ of focm an Naafe tmm be to 0m a 
of the propor d a W r 

Ag^ sec up a chm at 100 laches Iroai the tas. The H set of ^ms 
lor any locm are the ^^^ce apffirt e<^ to the ihieaecer ol 
cftsc of oonhi^on ret^ubred, Ijsl, j 0O4 tech for a 4 tech leas, and so on. 
VVhen die s^ on M chart are oc» of locm eaca^ lor every point 
on them to ^ a J04 tech keener whh a 4 tech tens eso^iple 

wM be wofi^ ter tldf teens) then ^ Imi^ of the oon^ptetaly 
Invade the spaces and the ^«s are net resolved, 
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The chart at !00 Indies should be focused on a ground-glass screen 
and then die focusing setting changed by bringing the lens closer In 
until the M lines are no longer resolved. Suppose that at this position 
a chart at D Inches from the lens is in perfect focus. D of course in this 
case Is greater than 100 inches. 120 inches say. Then the image 
of the 100 inch chart Is 
D-lOO, 


Ft X Inches out of focus, /.e.. In this case 


4* X 


m - 100 16 X 20 


16 


m X 100 “ 120 X 100 "" 600 
16 


Inches out of focus. 


in other words an Image, in this case^ inches out of focus, beyond the 

phite is the proper diameter, .004 Inch for a 4 inch lens. Hence the 
hyperfocal distance within a few per cent is 
'“D ,„,hes 


I.e., In the given case 


D- 100 
too X 120 
20 


600 Inches, and ail calculations for 


AW 

objects nearer than the focused plane are carried out with this hyper- 
focal distance. , , , „ 

Slmlbrly the lens can be moved further away from the plate until 
the dart is no longer resolved. Suppose then that a chart d !nch« 
away Is In foots. The hyperfocal distance for objwits farther away than 
die foctised plane fe, v^ln a few per cent, 
lOOd , . 


Rner or coarser standards can be Imposed by using the sets of lines 
flanking the M lines. The hyperfocal distances have to be found for each 
lens aperture, except that the orthodox calculation can usually be relied 
upon in thb case die Iww b stopped down fay two or three stops, 
as already mentioned on pages 132-133. Hyperfocal distances for the 
p erform ance In the i^dd can be obtained by putting dwt 100 inch chart 
In dw Wd and rep«^ng the above, with the dfetanc^s D and d |udged 
for darts In die centre of the fMd. The work Is exacdy as described 
above, but It b doubtful whether It b worth carrying out In thb case 
imless ft b done Iw a number of d^fewt postdom in the Held to get 
an kiea of die average po-formance. 

Throt^hout the formula have been given, not with pedantic accuracy 
but In the simplest form compatible with the accuracy expected In 
photographic work. 


The Care of Lens^ 

The surfaces of the glasses that make up a lens are carefully 
polished so that all surface pits and scratches are removed. 
Where necessary the glasses are cemented together with 
Caimda Balsam so carefully that the junction cannot be 
detected. Finally they are assembled In the mount and 
lined up within very close limits. 
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Perhaps some of the care lavished in polishing the surface 
Is expended with the aim of producing an aestheticall)' 
satisfying article. But for the most part it Is necmary to 
ensure the highest standard of optical performance. 

A scratch on the surfece of a km scattm light, ami In comequence 
tends to Impair the definition. One simll scratch mi hi own will not 
do much harm, but If thmc are a number, if the surl^ h wwed whh 
a network of fine scratches the definition of the km will be ruined. 

CHn, and especially grew, on the surface of a km ako ten4i to 
light, and a fhg^^prim on the polished glass will soltmi the locus of die 
km In a va7 prorexinced hishkn. 

The fc^lcal thing then is to prcwit as fir as potsh^ the of 

dirt getting on die km. Thfe meam that wtwn ft Is not In use the mpi 
sttppUed by the rm^cers sboc^ be fkted so the km. 

Loose dust and small fngmonts of grit sksuki be removed wfdi a 
small camel-hqir brush, and attempts any other form of ckaiikf 
shcKild be made until these have been removed In thh way. C^dad 
glass Is not really a very hard medium and h Is easy to score It m 
abrasive fragment of grit. If any pmn:icles julhere to the surhee It nwm 
that they arc bound by grease, and a brmh mohftwiwJ with 
aScohof will l^p to loosen them. It h vwy rarely that ^jch a tr^tment 
Is needed. 

The best way of rwnovlf^ fprtame from a polhded Um surfaot H to 
rub It gently with a soft doth me^tcfied wkk It Is 

essential that the doth used lor this purpose should be bo«h wok m4 
free from grit and dirt. A linen or sik hansieeixfcief is 

very useful lor dhh pu-rpose. To haK3f the oornerf vHhere the giisi 
meets die metal of the mount ^e mc^scened do^ can be wrapped 
nmd the ee^ ef a po^gtsed! hk of weed. 

In no case need any pressure be exerted on the 
surface, nor should any be ipptl^. 

When grease has been remewed the surface may be given 
a final polishing with a silk htmfkerchkf or with a dry chonxffs 
kather. 

In no case should any ^empt be made to poteh tlw 
surfeces of a vrith any leaning imceitJ for 

lK>^d>oy mc^ mxr sembbed w^ soap luid wicer. 

A wwl tmf not be out of j^oe about tl^ MM tto: mrt 
iDurnl oil son^ lem surfeoK a few yemt oW. These Mtt not 
a <kpo«k on the surface of gh^ They are formed by 
the actfon <rf moht air and the diemlals In It, which attadc 
the glass md clisK>lve out mme of ks constituents to a dcf^b 
of about five mllflonths of an Inch. Wl^ Is then left Is a him 
of ^ca tim cfoscly resembles fused quartz and Is about five 
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millionths of an Inch thick. The stains are produced by this 
silica film In the same way that colours are produced by a thin 
film of oil floating on water. The film can only be removed 
by repollshing the surface showing the staining. It Is most 
decidedly not a job for the amateur, and no reputable repair 
shop will tackle the job themselves. There Is no reason 
really why these stains should be removed. They Increase 
the light transmission slightly, and do not affea the definition 
of the lens. They are due to a surface formation of the same 
type as that which Is produced by one form of surfa<x 
treatment. (See page 284.) 

These forms of staining must of course be distinguished 
from the alternative types described on p. 231. These 
latter are In the main produced by the abrasive action of 
flying grit or sand, although they may be caused by extreme 
chemical aaion, for instance tf the lens surfaces have been 
subjea to the action <rf add fixing solution In a dirty dark- 
room. They are definitely capable of spoiling the definition 
given by a lens and should be removed by repollshing the 
lens surface. This Is certainly a job for the factory, an 
amateur attempt may result In the cure being worse than 
the disease. 

It should scarcely ever be necessary to dean the Inside 
surfaces of the lens, but If It Is necessary the same precautions 
and m^hods should be followed tlM have already been 
desalbed. 

Quotes are often raised concerning InAbks in the glass 
from whidt lenses are made. Bubbles are found In the glass 
of even the best and most expensive lenses : they are 
nothing to worry about and do not serve as a valid excuse 
for adverse aitldsm the lens. The glass supplied by the 
leading manufeaurers, English, French, American and 
German, do« not differ In Its properties to any significant 
extent according to the source of Its origin. Among these 
properties Is the uniformity of Its refractive Index, Its 
resistamx to weathering and Its freedom from bubbles. 
In making a lens care is taken that none of the bubbles 
br^ks thr<xigh the polished sur^ce and forms a pit filled 

266 



wfth polishing medium. Bubbles In the body the gtes 
scatter a small, and in general negligible amount of light. 
Care is taken that an undue number of bubbles arc tm 
present in the glass used, but a small number cannot be 
regarded as a significant fault or serious blemish. They have 
no Influence on the lens performance. 

If bright markings appear on the of irk dlaf^ragm 
ft is nc^ of very much use trying to cover them up with j^nt 
or varnish. The movement the leaves will cause this to 
flake off. The dark colour of these leaves is prodi^^ by a 
chemical process which attacks the met^ surfiice. 

In special drcumstan<^ a plm of so<^^ mmrki, of 
which several proprietary brands are avaiiaUe, can be riMed 
over the lens surfaces to prevent mMing on the surfiioes of 
the lens by water vapour condensing on them. This sIkhiW 
only be regarded as an emergency mesaure. As a rule the 
definition is softened apprecbubly. The film should be 
off with spirit Immediately It has fulfilled Its purpose, so thai^ 
no risks will be run of a hard skin being formed on the 
polished surface. Where a lem luis to be used rcf uhrty In 
drcumstances tfoc temJ towarck of the stnrfooi a 

cover should be fitted on tl^ front of ti^ fons oyryhy a 
heated cover^^km, of Imk^ly the smm type m ehcorka^ 
heated car wlmbcreem. Sudi a cover gfaues mmz be 
ofCkally worked. None k advertfted on the Brftfsh market. 

If a tens Is taken apart and it Is found that a damp lif^ 
has been sealed In then it should on no account be dh^urbed. 
it has probably been sealed as the final stage of a 
process. 

if a lei^ surfoce h d^iped bt^ the km mgemiy ^eded 
then fir^*^ treatmeM am be curled om ty the 

&iced sur&oe with an opaque i^Kic pali^ 

If a km Is m be for my k^gth of dine ft ahcHiM 

be kept In a axfi pioa iidth apt on. 

tf a lens wfth a pair of {tones in ft ttot are cemented 
together ft to be wfth a profeett^ or afiftrger (In the 
case of an eidtrg^ only a ccm<teiiier ento^r ft om^ered 
tore) c^ should be taken that the image of the light source 
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does rwt fait mar this cemented pair. The Canada Balsam 
ag« and goes yellow under the Influence of prolonged 
hating In these circumstances, and to remedy this the 
glasses have to be recemented by the makers. 

If It happens that a glass becomes loose in a cell of Its mount 
in which It is held by a narrow bezel of metal which has been 
turned over the rim of the glass. It should be returned to 
the makers for repair. If excessive pressure Is exerted In 
turning down a bezel the glass may become strained, and the 
definition of the lens Impaired. 

It goes without saying that a lens should be treated as a 
scientific instrument and not subjected to undue shocks or 
strains, or to any treatment that may damage either the 
glasses or the metal-work of the mount. As has already been 
pointed out above, the <xntrlng of a lens calls for exceed- 
Ingfy exact work, and a bruised thread or slightly buckled 
lens barrel means that the alignment of the parts may be 
ups^ One ccmcrete example, of the type of maladjustment 
that may be found, Is In the case R-R lenses or Petzval 
lenses for projection, where a crossed thread on the cell 
holding either set of glasses quite often leads to poor 
results. 

If a fens is taken apart for any reason it Is important to see 
that screw threads are clean before It Is re-assembled and 
that the cells seat down properly. C^herwlse the centring 
may be upset and the definitkm the lens spoilt. 

In some lemes the celfe are m^e of different diameters 
so that It Is Impossible to r^aemWe them In the wrong 
order. This, however. Is not the universal practice, and if a 
lens Is to be taken apart for any reason it Is advisable to 
make an Identification mark on each cell. With some 
deigns of lenses It is not possible to remove the central 
element In Its cell for cleaning as It is glazed directly Into 
the mount. It sometimes happens with this style of mount- 
ing that the Iris diaphragm Is dose to the lens : in this 
event It is of Importance to exercise great care not to buckle 
the Iris, as the rej^ir will probably mean the insertion of a 
new iris altogether. 
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AIDS TO BETTER PERFORMANCE 


We Nature of Light 

Up to a very few years ago all that the photographer needed 
to know about light was that It was something that travelled 
in straight lines, along the so-called rays erf light, that white 
light could be spilt up by a prism Into various colours, 
ranging from violet to red, and some simple ojn^uences 
of these facts. 

But the situation has changed considerably sJiKe then. 
And two main facts are responsible for this d^nge. One Is 
the Introduaion of screens such as FokrokS or Ma 
which provide a cheap and simple way erf doling with 
polarised light. The other is the Introduction erf surface 
treatment of lens^. Both are recent devebpmenu. To 
understand them means having a rather more complete Idea 
of the nature of light than hitherto. 

There have been many theories about the miture of 
light, from the Arabs’ Id^ that light was KHnethlng son: 
out by the human eye to strike the oirfect boki^ httm 
Newton*s idea that light consktoi of j^rtldcs with thdr 
“ fits ” of easy reflection and refraetbn, to modern {jimncum 
theories. The het remains that there is still no satlsfitaory 
theory that a>vers the wh<rfc range of phenomena In which 
light Is concerned. But while that may Uji^et the th^wetlaJ 
physicist. It Is erf no groit Impcwtancc to the phocograpiw. 
A sufflclently accur^e account of the lu^tire of %ht can be 
given to ewer ph^ioiii^* te plioio^ 

graphy, 

TTie main thing to be nu^nenibered k tigl^ and ra#o 
waves are maithdly the same, Tliey e«A amM: erf an 
eleaiic and m^netic disturbance travelling out from a 
transmitter. In one case a nrflo stadon. In the other an atom 
or molecule. 

Whenever o rey p<m« through q pomt there are 

dmirk and kmduced, that are ubsent wtei 
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the ray does not pass through that point. There h a simplifica- 
tion that can be made. Once the direction of the light ray 
and the exact electric force are specified the magnetic force 
can be fixed definitely by a mathematical calculation. For 
Instance, In the simplest case the magnetic force Is at right 
angles to the electric force and of a definite size. Because 
of this explicit mention of the magnetic force can be omitted. 
Any discussion of the electric force Implies the correspond- 
ing behaviour of the magnetic force. 

The electric force at any point P can be specified by drawing 
a line from the point, call it PX as shown on p. 271. The 
length of PX measures the strength of the electric force 
on some suitable scale, and the direction In which PX Is 
pointing gives the direction of the electric force, the direc- 
tion In which It would push an electrified particle. 

One thing can be said at once. The line PX Is always at 
r^ht angles to the direction of the light ray, as shown on 
p. 271. 

The Transmission of Light 

Concentrate attention on a point P on a particular light 
ray. Due to the light passing through P, as time goes by the 
electric for^ Introduced at P goes through a cyde of changes. 
At a point Q on the same ray nearer to the light source the 
dectdc force goes through the same cyde of changes, 
pssing through each sts^ at a time caHler — by a fixed 
amount — than the time at whldi the same stage Is reached 
at P. This time difference between P and Q is the time taken 
for the electric disturbance to travel from Q to P. 

The distance between P and Q divided by the time that the 
disturbance tak^ to travel from Q to P Is the velocity of 
light, approximately 186,00 miles per second. 

Now suppose that light of a pure colour Is travelling along 
a ray. Being pure means that it is not spilt up Into a spectrum 
wh^ ft passes through a prism. Concentrate attention on 
this ray at a particular Instant. At every point on the ray 
a line can be drawn to represent the electric force at that 
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Instant, as shown on p. 271. Consider a point P on the 
ray and points to the right of it In the diagram, further away 
from the light source. The electric forces at these points 
are at different stages of their cycles of changes, and In 
fact lag behind that at P. The greater the distance from P 
the greater the time lag. 

A stage is finally reached at the point R where the time 
lag is just equal to the time taken to go through the cycle of 
changes. The electric force at R is then equal to that at P. 
Beyond R the pattern that lies In the range P to R is repeated 
in the range RS, as shown, and beyond this all along 
the ray. The distance from P to R is the wavelength of the 
light. 

As a rough guide the blue end of the spectrum can be 
taken to be light with a wavelength of 4,000 Angstrom units, 
and the red end fight with a wavelength of 8,000 Angstrom 
units. One Angstrom unit Is one ten-millionth of a milli- 
metre. Beyond these limits in the shorter wavelengths lie 
the ultra-violet radiations, and in the longer wavelengths 
the infra-red radiations, both of which can be used for photo- 
graphy under special conditions. 

The colour of pure light depends only on its wavelength in air. 
When it is passing through glass Its wavelength is changed 
somewhat, but returns to Its original value as soon as the 
fight emerges from the glass, and it is this wavelength In 
air that settles the colour. Ccmipc^e light, such as white 
light can be split up by a prhm into rays of pure light. 

Polarisation 

The exact path traced out with the passing of time by 
the point X, at the end of the line PX describing the electric 
force at the point P on the ray, defines the polarisation of 
the light. 

If X describes a straight line through the point P the light 
Is “ plane-polarised.** 

If X describes a circle or ellipse with centre at P it is 
circularly or elllptkally polarised. 
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The light from ordinary sources consists of light with 
ail these types of polarisation mixed up. 

The broad statement that we can then make as far as 
photography Is concerned is this ; the rays of light that 
reach the camera are In general neither of pure light, they 
can be spilt up by a prism Into rays of all colours of the 
rainbow, nor have they a standardised polarisation. Rays 
from different parts erf the subject will contain varying 
proportions of the colours of the spectrum in tf^r make-up. 
and also will contain varying proportions of light of different 
types <rf polarisation. 

By using filters to deal with l^ht of dlfferem a>loiirs amj 
types <rf polarisation marked Improvcn^nts can be n^e In 
the quality of the negative. 

Filters and Infra-Red Photography 

As far as the use 4rf filters, such as green or yellow filters. 
Is concerned the only pc^nt erf optical, rather than artistic. 
Interest Is that If sot»c part of the subftxt contalr^ too targe 
a percentage of blue so that It would record too vltd^ly 
on the plate, the amount of blue In the rays coming Irom th^ 
region and reaching the plate can be cut (town by ^tig a 
yellow filter, or a green filter, and so on. 

Of greater epical Interest Is the use of flitent passing 
only infra-red light, and the precautions to be taJeen In 
using a lens with infra-red sensitive material. 

The i^cs of Infra-red rap In photog rdplry fall tm? moi! 
dass^, namely to bring out oMrmt wkkh Is mt rMk to dk 
naked eye wlA light in the rimfd m Ik ^ 

mei^ of rented rmd m an. md l® pm^r^ fcaJ* 

and mM. 

The ccrfcHir of an cA^ct itepeitds two things, the fight 

strikiRf tt, and the pigroent of tts lurfece bym. The 
behaviour of tvw plgmwjo may very wdl be crelrdy different 
when Infra-red w ukra-vfoiet ray* are concerned from their 
behaviour with light In the vlslWe ipearum. The pigment 
moiecuies of the two types rcM* differently to different 
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wavelengths of light. Contrast that Is Inappreciable when 
visible light Is used may be brought out very well with 
Infra-red light, using a plate sensitive to this light. 

The other application of Infra-red light depends on the 
hxx that It is scattered much less by the fine particles that 
make up a thin mist, or the smoke pall over a town. The 
scattering of light Is a more complex process than reflection 
or refraaion of light, and depends on the wavelength of 
light. A rule worked out by Rayleigh states that blue light of 
wavelength 4000 Angstrom units Is scattered sixteen times 
as much as red light of ^XX) Angstrom units, and infra-red 
light is scattered even less than red light. 

When there Is haze in the air the rays of light from a distant 
object are badly scattered before they reach the camera, 
the blue rays especially suffering this scattering. The outlines 
of the object are softened and may even dissolve in the mist. 
The red and infra-red arc much less scattered and if all other 
light Is filtered out a dear Image in infra-red light can be 
formed on the plate. The haze-penetrating properties of 
Infra-red rays are of great value and Importance. 

Lem^ for fnfro-Red Use 

To get the best results a lens spedally corrected for 
Infra-red light should be used. By the time that the wave- 
length of ftght reaches the r^lons of the Infra-red the 
secoiKkry chrorm^c spectrum in ncH^mal lenses is distinctly 
noticeable In Its effects. It results in the rays of infra-red 
coming to a focus at a greater distance from the lens than 
the visible rays of light, and this must be allowed for. As a 
rule the separation between the visible and infra-red foci is about 
1/250 of the focal length of the lens, say .015 inch for a 4 inch 
focus kns, but the exaa amount depends on the lens used. With 
a normal photographic lens there is also the possibility that 
the corr^lon of the aberrations may not be maintained with 
Infia-red light, but this as a rule is a matter of much less 
cofH»m than the difference between visual and infra-red 
fod. 
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Some miniature lenses are now fitted with focusing scales 
calibrated for infra-red work, so that Infra-red photographs 
can be taken in a straightforward manner. 


Calibration for Infra-Red 

It 1$ advisable and easy to calibrate a lens for use with infra-red light, 
and preferably the calibration should be carried out with the infra- 
red niter that It is proposed to use, as these differ among themselves 
quite considerably as regards the part of the spectrum they transmit 
and this dWerenct is not emphasised by any visible difference. 

Tiw method of testing a 1^ for axhil chromatic aberration has been 
described in the previous chapter. It can be applied to calibrating a 
kns for infra-red work. 

Set up a chart, at a distance of 100 inches from the lens say, and focus 
the camera on this visually, using a ground glass focusing screen. 
Arrange charts further away so that their images in visible light have 
separations from one another of about .001 Inch for a I Inch lens, 
.004 Inch for a 4 liKh lef» and so on, with about six or seven charts in 
iom altogether. The separa^ons of the charts to give these distances 
between the oorrespondlng images can be found suffkientiy closely 
f rom tl» fonmita 

dart s^auatlon = Image separation x D*/f *, 
where D h the distance of first chart, and f is the focal length of 
the km. 

With O =» 100 inches and f « 4 Inches, and an image separation of 
J}04 inch as mentkmed above, the formula gives 
Chaj^ separation «j 004 ins. X I0(^^ « j0O4lns. X 25* 

« .004 ins. X 625= Z5 Ins. 

By fud^ng the qi»itty of the charts, as they arc reproduced with this 
setting G? t^ camera and with an filter. It is possibk to esti- 

mate to the mmsi Mi Inch whkh ^ the chart In sharpest focus, and 
so to obtaNi the ciscauiice becween the visual and Infra-red fod suffidently 
accurstefy. 

Suppc3»e that ^ h i){6 Inch. The next thing to do h to use this fact 
to relate vhlbk and Wra-red focming scaks. 

If the camera is focused on an ob^ at a distance Y\n front of the lens 
with visible light, and if the separation, as just measured, is / Inches 
between the visible and infra-red foci, then the distance of an object 
that Is In sharp focus with Infra-red rays Is given by the formula, with 
sufiident accuracy for ordinary purposes. 

y* 

Dtonce of objea focused in infra-red = y -f / x p 

For ocampk If I = .016 Inch, f = 4 inches, and D Is 15 feet, i.e., ISO 
Inches, xhm the distance focused in the infra-red is 
180 ^ 

ISO incte -f U)I6 inch X = ISO inches + 32.4 Indies, l.c., 

17 feet 8| Inches to the nearest half-inch. 

k this way a chart can be drawn up relating vislbk and Infra-red 
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focusing distances ; the only distance that cannot be handled lit thk 
way is the infinity setting of the camera. When an obf^ at Inhn^ 
is in sharp focus with infra-red light the distance of the ob^(ect that is In 
sharp focus with visifaie light h given by the formuhL 
Visual focus= f *-r / where f and I have the meaning alr^y explained. 
Thus if / «= .016 inch and f « 4 inches, the visual locus N at 4* -r .016 
t= iOOO Inches, or 80 feet sufficiently accurately, in quite a tet of work 
there is no appreciable difference between 80 feet and infinity, and the 
visual and infra-red foci can be taken as identical. But lor die bc^ 
results the difference should be taken into account. 

The calibration Just described is effective down to dtouices of tm 
to fifteen times the focal length ol the lens, i.e., down to about 4 or 5 
feet for a 4 inch lens. For close-up work the lens shouki be re-cal}l^*ated 
In exactly the same way for the new conditions of mm. 

Even if the true infra-red type of work rqf^a^ by swi appmdmatc 
type, using panchromatic material with a red the same pre^ 
cautions about calibration are often wtirth 


Polarising Filters 

The main use of ordinary or infra-red filters is to obbrin 
a better tonal reproduction on the negative, or to enhaiwe 
the contrast of the Image in a desired way. The main use 
of polarising filters Is to cut out the unwanted glare from 
some polished surfeoes, or tJtc refieetto™ finwn tlw lur&ce 
of a liquid, so that sub-suifKe <kxatt tan be phoosj^nfiied. 
The types of surface that can be deak with are those whkh 
are sufficiently even to reiflea the fight iwher tl«n scatter 
it. Glittering surfaces such as those of rough diver foil 
cannM be dealt with In the s^ne way by using p^rislng 
filters. Although such surfaces reflea light rather than 
scaner it, the reflealon takes place at so many differently 
arranged facets that the light is effeaively depolarised. 

Polarising filters deal only with plane poforised 
As explained earlier In this ckqx»-, thb means that the ^ 

point X trf the fine PX refx^esojring rile eleorte felt* »o>m 

In a str^ht fine thro«^ the point P. T^ h shown cm 
p. 279 , which shovw the wo Independefn dlrectfoiu at right 
angles to one another alwig whld» X can move. The ends 
of the mow heads drow the Hmits of movement of the point 
X. The light can be either polarised so that X moves as 
sherwn In the flr« dfe^rwn, or polarlied so that X moves as 
shonrni in the seoomi db^pram. 
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If It Is polarised so that X moves In the direction shovirn 
on p. 279, In the bottom 4 diagrams then it can be considered 
as being made up of light polarised in each of the ways 
illustrated, call them for short the up-and-down and cross- 
ways directions of polarisation. Light polarised Inadirectlon 
that is neither up-and-down nor across but Is slanting as 
shown can be taken as being partly light polarised In an up- 
and-down direction, and partly of light polarised in a cross- 
ways dlreaion. The same holds for more complicated 
movements of X. 

A polarising filter allows only light polarised in a certain 
dltectkm, suppose for Instance that It Is the up-and-down 
direction, to pass through. This direction Is marked on the front 
of the filter mount. 

When light polarised in a direction that slants away from 
the up-and-down direction encounters the filter, this latter 
cuts out thdZ f)art of the light that can be considered as 
pobrised in a cross-ways direction, and allows to pass only 
the part that Is polarised In an up-and-down direction. 
The light coming through a polarising filter is polarised in a 
specified direction only. 

Light obtained from normal sources contains rays polarised 
in every direction. The filter cuts out all but that polarised 
In the dlreaion ntarked on the filter mount. 

When light from one filter with Its polarising direction 
in an up-and-<k>wn direction falls on anciiier filter also with 
Its pofarfsing dlreaion up-and-down the light passes on 
unchanged. The filters are then poralkL When it falls 
on a filter with its polarising dlreaion cross-vrays on, no 
light gets through. The filters are then cros^. With 
the second filter In a position between its parallel and crossed 
positions part of the light only is passed by it. 

When light is refieaed or refraaed by a mirror or lens 
Its polarl^tlon Is unchanged In dlreaion, although the light 
itself may be cut down in Intensity. This Is brought out on 
p- M5. The ray of light marked AB Is polarised in the plane 
of tl^ paper. The point X at the end of PX, described 
above, always lies in the plane of the paper before reflealon. 
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Then after reflealon (or refraction) at the surface shown It 
Is still polarised in the plane of the paper, although the 
reflealon may have cut ft down In Intensity considerably. 
The end-point X still moves In the plane of the paper, without 
any tendency to move out Into space and move In and out of 
the paper. 

In the same way If the point X moves only In and out of 
the paper before reflealon or refraalon, then It moves In 
the same way after reflealon, without any tendency to move 
In the plane of the pper. 

These remarks hold only for refleaions at polished sur- 
faces, which reflea light like a mirror, such as a liquid surface 
or that of plate glass. When fight is reflected or scattered by a 
rough or matt surface the direction of polarisation is changed in 
an arbitrary manner. If the light felling on a polished surface 
has been passed through a polarising filter, then It retains Its 
polarisation after rdlectiofi and can be cut off by a second 
niter- The same light felling on a rough or matt surface has 
Its polarisation changed In a random way by every element 
of the surface, and can no longer be cut off by a second filter. 

Light is only polar feed when refieaed from a transparent 
surface (glass, varnfehed and glazed surfaces, water, etc.), but 
not from opaque surfaces (polished metal surfaces, etc.). Such 
l^ht cannot ther^Dre be suppressed by a polarfeing filter. 

This property of light finds an Immediate application in the 
photograi^y of things such as framed off f^ntlngs and the 
like, or polfef^ obfects whose surf^ details are to be 
plK)Cographe!d, provided that these surface are sufficiently 
even to reflea light rather than scatter it. As a rule the 
refleaions at the glass or polished surfaces are particularly 
troublesome and frequently ruin the piaure altogether. 

To cut out such refleaions the first step is to Illuminate 
the objects with polarised light. This Is done simply by 
putting polarising filters over the lamps used. These filters 
can be made of a lower quality than the filters used over the 
photographic lenses, and at a lower price, and it should not 
be expeaed that one eff them can be used as a filter on a lens 
and provide good definition. Another thing fe that care 
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should be taken not to overheat the filter. A temper^ure 
above 75®C for any length of time Is harmful to the filter. 
The lamps may have to be run at a reduced voltage, except 
for the actual exposure, In order to keep the filters cod. 

To the naked eye there will still be trauble^me refkctkms. 
But if a polarising filter is held In front of the eye ami skmiy 
turned round a position wilt be reached when they are cut m/t. 
Note the position of the Index mark on the filter vrhen this 
happens. Put the filter on the lens with the Index In the 
same position to get the photograph. Altcrnativety the 
same procedure can be followed with the Image given by the 
lens on a focusing screen In the camera. 

This technique Is particularly valuable In the type of uUe 
top or still life photography where obfects are rmxinttrf cm 
sheets of glass. It cuts out the reflections from the gbss 
under difficult lighting conditions. 

There Is one thing to nc^lcc with this technique. DifusIng 
screens In the lamps be put between the bulbs and the 
polarising screens. Plaoed after the pofarising they 

depolarise the light and bring the whole wmkod m 
Pobiising screens can abo be u»ed wWio«^ art^k^ 
d lllumirmtion. Their value In this ai$e ctepoxb on the feet 
that light reflected from a polbh^ siirl^ Is jmt^y m 
completely polarised, depei^lng on the angle at whkh b 
strikes the surface. 

The light that Is reflect^ ^ such a surfece, and which may 
give distinctly troublesome reflected Images that are re- 
produced on the plate, Is completely or partially pcrfarl^. 
If It Is completdy pc^rlscd It can be cut off by a 
filter and the rdlect^ dlmlmited from tl^ 

If bi par tlat ly polartoed# tl^ b to say tf b conatoi of rays 
whk* f^ve a strcxtgfy fworKHinced tcixkiKy to be pc^itoed 
In a certain dlrectli^# k can be grossly In Intemity 

by ming a polaitolng filter. Obfem behind, or even In, such 
a rdlcctlng surfece ^nd light to the fern th^ Is noc polarised 
in any specified directiofi and b not cut off by a pdarising 

filter. j j 

With a properiy pdarbing filter the detailed 
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structure behind the polished surface is not hidden by the 
reflections seen without the filter. The angle at which to 
put the filter on the lens can be found by turning the filter 
in front of the eye as explained above. 

Polarising filters are of comparatively recent Introduction, 
but are coming Into wider use. As explained above, the 
technique of their use Is simple, and their value especially 
under difficult lighting conditions is self-evident. 

ScatUr In the Lens 

There are several factors which operate to Impair the 
contrast on a photographic plate, such as scatter In the 
emulsion and so on. And one of the most important of these 
Is the scatter of light within the lens. 

When a ray of light strikes a glass to air surfis^e, either from 
the ontside or from Inside the gkss, a part of ft goes through 
in the iKHmd and anticipated way, but a much smaller part 
b fleeted. The exact amount reflected depends on the 
angle at whid? the ray hits the surface, but an approximate 
value for the Intensity of the reflected light is 5% of that 
of the Inddent ray. 

If a part the light Is reflected at a surface that ft should 
cross then ft Is thrown lack towards the front the lens. 
A second rdi^tlon sends It tack In the proper direalon, 
towards the plate. But since It has deviated from the 
orthodox path ft cannot be expectol to hit the plate at the 
proper pc^nt, the point wbo^e the unrdlected ray cuts the 
pts^e. The rays thstf come from any object point In front 
of the lens, and that undergo reflealons at the same pair of 
glass to air surfaces come together In an Image point, which 
may be at a considerable distance from the plate or quite 
near to ft. 

If the Image given by the reflected rays Is near the plate 
ft gives rather a bright light patch or “ ghost Image.’' If 
ft Is at a considerable distance from the plate It merely 
produces a diffuse illumination over all the plate area. By 
raising the general level of Illumination, and so adding to any 
fog that may already exist on the plate It impairs contrast, 
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especially in the regions where the ton^ of the picture are 
most subdued. Ghost Images of course arc distinctly un- 
sightly by themselves. 

Diffuse illumination or ghost images as Just dm:rlbed arise 
from every pair of glass to air surfaces in the kns and frrnn every 
point of light that can send rays to the kns. The two logical 
ways to cut down the effects these arc obvious : to cm 
down the number of glass to air surfaces In the lens and to 
cut out all unnecessary light that can reach the tea. 

Lens Hoads 

The first Is a matter for the lens designer. It Is i&licuft 
enough to get a really good perfw*niancc out of a te» w^hotit 
having to worry unduly about the number of gfast to a^r 
surfaces In the lens, but It always has to be borne In mind 
that they must be kept as few as possible. 

The second is a matter for the aaual user of the hm. 
It simply means that a kns hood sfmifd be used so thm iwfy 
light from the tKtml requir&t scene renefa^ the km. It 
impossible to ensure this completciy. Some unwanted %lit 
will reach the teis. but the ionga-the km hood the tmaier 
the amount of this light. The Importam thif^ m notice, how- 
ever, Is the ste of the fens ho<k,m far at from Is 

concerned, mmt be cho^ so thm no v^n^ng Is Inoro- 
duced by It. AH the rays of l^ht, frrnn an c*|ect poim 
required In the picture, that rmch the lens wfthmit the hood 
must reach It with the hood In place. 

It is a simple thing to work out the proper sbE» of the from 
of the hood to give this. The greatest cfliciciicy k ob^ned 
when there Is a nmk ac the fre^ of die hood of neauly the 
same shape as die ^te or ftfni arm bdliif iMd. The ea^t 
stepe and ste arc catcuh^ed In dik way : 

Suppo^ thau: d^ mask is m times the foed l^gth of the 
lem, then : 

Longsideof irmk « m X kmg side of film -f diameter of 
front glass of ton. 

Short side of m^k ** m x short side caf film + diameter 
of front gim of lens. 
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Thus If the lens Is of focal length 2 Inches, and the mask Is 3 Inches long, 
then m = 1^. If the film is 35 mm. film as used in miniature cameras, 
/.e., 24 X 36 mm, or sufficiently closely I X 1^ Inches, and the lens has 
an aperture of f 2, i.e., the diameter of the front glass is I inch, then 

Long side of mask == li X IJ + I = 3i inches. 

Short side of mask = 1^ X I + I = 2J inches. 

If the mask has a circular opening then 

Diameter of mask = m x diagonal of film -h diameter of front 
glass of lens. 

The use of a lens hood helps considerably In Improving 
the contrast 

Surface Films 

One factor that could not be deliberately controlled until 
a few years ago was the amount of light refleaed at the glass 
to air surfaces. In the cases of some older lenses which 
had acquired a bhom on their surfaces with the passing 
of time the amount of reffectfon was cut down at each o( 
these surfeces. But this blooming could not be produced 
reguferfy as a practical proposition. It can be counted as 
one of the most significant advances of recent years that 
processes have been found by which the surface reflections 
can largely be eliminated. It Is too early as yet to say that 
the processes have been perfected, but they have been 
developed to such a stage that they are definitely a praalcal 
proposition for the average photographer. The films pro- 
duced are sufficiently durable to stand up to reasonable 
condltior^ of c^iiera use. 

H(m Ugbt Is Bxfhc^ : To understand how the films 
applied In this treatment cut out the reflections It is best 
to consider In detail how light is reflected and refracted. 

When rays of light strike a surface separating glass and 
air every point on the surface Is stimulated to send out rays 
of light, as shown on p, 285. The arrow heads show how far 
the stimulated rays have travelled at a particular Instant. 
Because the rays of light hitting the surface make an angle 
with ft the same state of stimulation Is given to points on 
the surface at different times, and the rays that are sent 
out in consequence are retarded by corresponding 
amounts. 


284 




Top fcfi : The pohurta^on of ^ wny to wydi ^ «lio&1c 

forces H Muces vary, h undiaiifed U rtMmmS or 

refh«tcdasatthcsiii^c«ofikHisora£imfeTor. The M-^oisic of 
line deserving tfie electric force cc^^ics t» mom i^dber fo or ger- 
pi^kubr to the f>bne of tt» pep^ »IW neftrectlof! or reibctlon. T^ 
ck>^ not wtien the lifbt Is scatterMi (p. 278). 

Top rigM : Rayi llfht i^lke a ^irfoce ^tiwito each polm t© 
out rays in aii direetk^ra. both imek into the air InItW fnedtom 
wterrer It rmy bc» ami Into the body of nuterfed or Into the 
Thfe bofos whethw light Is Incident on asiirfece scfeuTKliif 
<w separating two mmihi, hrom ^tinsr ^We (p. 

Bomm kft : Wie*i die iwfoce «pwr»£^ #ms »id or two mmi 
h ^ mootk then mm deiofoi reticlom b e tw ee B the r^ 

sc^ dicier stliBiiiaBdoa. Most of ^ cwio^ o«« ^0^ «»K 

becaoiK of foteerferewB* ^ oiify a groi^ mnrhm, the niecled 
and reiraefied raya. 

Bomm i%ht : When a ^ h p^« osi ^aas diere are n^ecd oeii^^ 
alr^aiid^ii-l^liiierlices. ^ a#a»iy«»t of tN sirew» 

of the^ re^ecdo^ die dild^wss of die ^ theae c^ be 
l^esWe wf^ oi» another, wid Is no rwm^tam rmmtkm, Tha 

h the bad* <rf SorfM* Tr6itJn«»it (|>. at). 


the REFUECnON Ah© REFRACTION Of LIGHT 
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All these stimulated rays “ Interfere ” with one another. 
At any point in space the electric force due to some rays 
will be In a certain direction, and the electric force due to 
the remainder the rays wlli be of the same size but In the 
opposite direction. The two forces cancel out and there is 
no resultant elearic force. Or, what Is the same thing, 
there is no ray of light going through the point. This 
happens at the vast majority of points. In only a finite 
number of directions are there electric forces which do not 
cancel. These are the reflected rays. The same kind of 
thing happens with the rays that cross the surface and are 
refracted. Page 285 shows the only rays that survive when 
the Interference of light Is taken Into account. 

Primitlye Surface Treatmer^ : Although this phenomenon 
has been described for a glass to air surface the same thing 
happem at every surface sef^rating two media with different 
Indices of r^aw^on. Some light Is reflected at the surface, 
but the greats part crosses the surface and Is refracted. 
The amount of light reflected depends to some extent on 
the angle between the rays and the surface, but It does not 
change very rapidly for nKxierate angles of Incidence. It 
depends aho on the ratio of the refractive Indices the two 
m^ia. 

For perpendkuiar Fnddence the amount reflected at each 

( I x\^ 

I where x h the ratio of refractive 

I + xj 

IfHftces across the surfKe, i.c., vrhere x 1 .69 it fe 
.065. 

If we have surfaces separating media such that the ratio 
of refractive Indices across each surface Is the same the per- 
centage light reflected at each surface Is the same. 

Suppose then that we have glass with a refractive Index 
of 1.69, corresponding to Double Extra Dense flint glass. 
With light failing on this at right angles the percentage 
rdicacd Is 6.5%. 

Nowsupp<»c that a film some substance with a refractive 
index of 1.3 Is coated on to the glass as shown on p. 285 
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The ratio of indices across the air to film surface Is 13 -r I 
= 13, and across the filn> to glass surface 1.69 -r 13 « 13. 
Hence the same amount of light Is reflected at each surface, 
in this case 1.7%. The total reflealon at the two surface 
Is then 3.4%, I.e,, the reflection has been almc^t halved. The 
reduction Is a maximum when the Index <rf the film Is the 
square root of the Index of the glass, as In the case just quoted. 
The reduction takes effect at both the surfam where the 
light enters and leaves the glass. 

This is the crudest form of surface treatment. It does 
nc^ depend on the thkkness of the film and reduces t^ 
reflect^ light to about 50% cf Its fx“evlous value. 

Contralltd Surface Treatmem : Bmor and more 
results are obtained by controliing the flim tMdcne^ care- 
fully. The reflection can be reduced frcm 63% to kss 
than 1%. This more exaa and predse use of a surface film 
depenck for Its success on the Interference of light. 

The ray AB hits the upper surface as shown on p. 2K. 
ftut Is r^eaed along 6C, ^ p®rt refracted iteni N> to 
the lower surface. M D some Is rdfocted aiong IX, and Into 
the air ^aln along £F, and the part U redacted doi^ 

OG into the gh^. The ^ng happon to ^ ny ST. 

The ray VX comes to the p<dnt &, whkh oolnc^^ mUh 
the point X, and so out into the air akxig the path iC 

Now by choosing the Index of the Sim fNX)perly, 
making It equal to the sqimrc root of the index of the gfess, 
the Intensity of the light or electric force jw-opagated ateng 
BC from the ray AB Is the same as that derfw^ fiom ST. 

The ray that comes to B by the p^h ST - IfX ha* a ionfe^ 
distance to travd tlmn the ray AB, imd takes to 

there. As a res A tte dcctrlc tfo* It produces ac B 
Is at a dWerimt ^age In to cyde of dwigoi to ttat caused 
at B by the light reltected lirexn tins ray AB. By chootlnf the 
l^h dWw^ence beiwmm the rays sutobly tiui dectrfc forres 
can be made to be out of totf a cyck. The dectric 

force due tx>VXh tl^ to ths^ di^ to BC, but pc^nts In 
tte of^joslte dfr^rtion the two fcx^ccs cancel out and as a 
rest^ there Is no reflected ray. 
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The light that should be reflected from AS and the light 
that should cross the surface from VX having cancelled one 
another out their energy must find other channels, and in 
fact it goes to augment the amount of light passed by the 
lens. Cutting down the reflection automatically Increases 
the amount of light crossing the surface. 

Results of Surface TreatmenU Surface treatment improves 
the performance of a lens by increasing the transmission of 
the lens, and by increasing the contrast of the image. 

The transmission of a lens indicates the percentage of the 
light incident on the lens that goes to form a useful image. 
It may be defined thus: of the light radiated by an objea 
point P, 100 units (on some suitable scale) could get through 
to the Image point if only the geom^ry <4 the ray paths 
were taken into account and if there were no light losses In 
the lens. Because of losses by absorption In the glass and 
reflections at the sir-glass surfaces only N units reach the 
image pc^nt P\ The transmission of the lens is then N%. 
The transmission varies somewhat with varying positions of 
P In the field of the lens. As a rule it Is given only for the 
case where P is at Infinity on the axis of the lens. 

With an f 2 lens of the ^>eed-Panchro type having untreated 
surfaces the transmission Is in the neighbourhood of 55-60%, 
For the same lens with all Its surfaces treated the trans- 
mission Is 85-90%. Even for a simple Cooke Triplet the 
transmission for an untreated lens is about 65-70%, whereas 
for tl^ same lens v^h aJI Its surface tr^ed the trans- 
mission is about 90-95%, and fw a lens with only the inner 
surfaces treated the transmission is 80-85%. 

These transmission differences between lenses with and without 
surface coating have led to calibration systems based on actual lens 
transmission. 

An example is the T-stc^ system, if the light passed through a parti- 
cular lens working at fNMs the same as that pass^ by a lens the same 
focai length and tOO per cent transmission working at fN' then the 
T-stt>p number of the leiK Is N. Note that N' is always greater than the 
stamkund f number N. The exact relation between the T-stop number 
N' and the f number N depends on the presence or absence of non- 
reflecting flirm and their el^ency and the absorption of light within 
the gkss of the ccxnpoi^ts. We can, however, take these approxinmte 
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values for the ratio of T-stop to f number. 

Number of alr-glass surfaces 2 4 6 8 10 12 

N'/N for uncoated surfaces 14)6 142 148 1*24 IJO 136 

N'/N for coated surft^ 14)2 14H 14)6 IM 140 142 

Thus for an f 33 Cooke triplet at fill! aperture wltfKHtt coated ^itees. 
the T-stop number Is 3.5 x 148 ■« 443 or abotit 44. 

The introduction c4 T-stop numbers is an important it^ k»rw*tip 
but it does not provkJe a complete stsaen^it of tim 
power of the lens. It d^h on!/ with the near centra! rw^km of ^ 
lens. Tov^rds the edge of the field vignettliw becomes erf Impmrtanoi, 
At full aperture the relative edge to centre Illumination rmY Ik In ^ 
region erf 40-60 per cent and varl« frcwi lens to leiw^ as weii as varyl^ 
at different apertures in the mme lem as the iris Is closed. The nea^ 
step, and an important step, forward is to give a v^neetd^ iimr or 
series erf vignetting factors for eadi lens. 


The contrast of the image Is dlscussi^ In detail In wc^ki 
concerned with the processing of the negative material 
(e.g., Developing, by C I. Jacobson. Focal Press). It is 
concerned with the ratios oi the amount of light fallln| 
on different regions of the negative and their effects on the 
final image. Cutting down the reft^aiion <rf l^ht M sdr-gb^ 
surfaces by the use of surl^^e treatfi^swc ttoc 

unv/anted light from the highlights of ^dciws fintfe te 
way into the images of the sI^mJows, with a csons^uefit 
Improvement of contrast In these. Gratheiom of det^l In 
the shadows may then be reproduced, that vwHild be 
swamped by stray light from the highlights In the ateence of 
surface treatment or blooming. 

While the gain In transmlsslcMi Is very u$<dul on imny 
oaaslons, experience over the fmt few years has shown ti^ 
the gain In contrast and rendcrli^ of shadow detad be 
of much greater Importam*. 


PmdBcdoii ef The cosidtag of dwi teo* WHrlKWi ha btwa 

reduced to a feikiy lob. ,4 

Hfetorkadly the method wwttotm 

dm mrfMM of the l«ii «>d ^ ^ 

nanained a thin him of of the ^ 

widely i*sed at the time. Amsch^ m«hod to 

flm of a aoi^llke matwtol wm 4^ositMd h now of icadmuk totereit 

today aie pracilcahy aM by eviporstiiii a iisorkle, nxh 
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as lithium fluoride or magnesium fluoride, on to the lens in a high 
vacuum. The thickness is controlled by adjusting the time of evapora- 
tioft, Th^e are two classes of fluoride film produced in this way. The 
first is moderately hard and results from a straightforward evaponition 
in a vacuum. The second is produced ^ the same process together 
with a baking or pre-heating treatment. Tne second class of films are 
mudi harde* than the first, and are In (act about as hard as the glass 
itsetf on v^kdi they are formed. They are usually described as hard 
films. 

No matter v^hat film-forming process Is used the thickness of the 
fihn to give the proper result Spends two things. The first is the 
wavelength or colour of the light. The second is the angle at which It 
meets t^ surface. No methi^ has been devised of eliminating the 
d^^mdence of tiie film thickness on these two factors, and a compromise 
has to be readied. The thickness is usually chosen for light meeting the 
surface at perpendkuiar Incidence, and is then equal to a quarter the 
vmeiengtn of the light t»ed. The wavelength of the li^t for which the 
reflection is eliminued depends upon the purpose of the l«is, but is 
usually In the green region of the spectrum, k means titat the film is 
about e%ht to ten millionths of an Inch thkk. 

Thm is a residual of reflected l^t from regions of the spectrum on 
both sides of wav^en^ lor whldi elMnatlon Is complete, and 
thk residt^ gives the ^r&oe-trea;^ lens ks characteristic colour. 
For avmge pkotogra^lc use the surfiK» of a treated lens is a deep 
Nbe or purfde^^e. For a leia intended for infra-red the surface is a 
pale whkkh-blue. 

Surface-treated lenses botii for photography and projection purposes 
are being produced now by all the leading makers. In some cases the 
Nooming on the inner surfaces Is moderately hard, and the outer 
lurfeces either left untreated or given hard films, in other cases ail the 
sur&ces, inner as weH as outer, have hard films. Facilities are also 
available for treating lenses produced before these processes were 
developed. 

Hentlon should be made at this point of Interfsr&ice 
fJters. There are filters vfkh narrow transmission bands 
which depend for their functioning on the same interference 
[rfienomef^ as are responsible for reflection reducing coat- 
Ir^. In thk case, however, a serte of thin layers of different 
material are deposited in place of a single layer, and the 
filtering action is produced by the interference of light 
reflected at the various surfaces separating these media. 
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ACCESSORIES 


V/ew Finders 

The easiest and most obvious way of finding out exactly 
what picture the lens Is throwing on the plate Is to put a 
ground-glass screen In Its place and then to examine the 
Image thrown on this. The etched surface of the glass has 
to occupy the same position as the emulsion on the plate. 
Rather more devious ways dF arriving at the same results, 
or nearly the same results, are to use Yiew-findtrs and 
range-finders. 

Focusing Screens: As far as getting the position c^ exaa 
focus Is concerned when using a focusing screen, tv^ro points 
should be borne In mind. The first Is to use a magnifier 
with a reasonably high power, about 8x to I5x Is most 
suitable. The second is to be certain that the magnifier Is 
focused exactly on the ground surface of the glass. This 
can be done fairly easily by drawing fine pencil lines on the 
ground surface, by focusing carefully on th«e, and by 
noticing that both the Image and the pendfled lines are In 
sharp focus together when examined with the magnifier. 
The screen of course Is used with Its ground surfe<» towards 
the lens. 

This focusing serves for most cases. Where a really 
critical setting Is needed a clear glass screen should be 
used with fine rulings engraved on It or photographctd on 
it. The magnifier Is focused on these rulings, and the Image 
given by the lens Is brought Into sharp foais at the same 
time. The final setting Is done by focusing the lens, wfth 
a fine movement, to eliminate all f^rallax between the 
ima^ and the fines. This simply means that when the eye 
is moved slightly there Is no relative movement of the lines 
and the Image as seen through the magnifier. A very exaa 
setting can be made In this way. 

A glass scr^n suitable for this work can be made readily 
by photographing lines, drawn In Indian ink and about 
.02 Inch wide, and drawn on a matt white surface such 
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as cartridge paper, on a slow process plate at a reduction 
of about twenty to one. The lens used should be stopped 
down to one or two stops below its maximum aperture 
to get the best definition. 

While the clear glass screen and parallax focusing are 
more accurate, the ground glass screen is more useful In 
composing the picture. A useful compromise is a ground 
glass screen with a clear centre. 

A variant of the ground glass focusing screen has been described 
in a recent patent, v^hlch consists of a sheet of glass ground on both 
sides In s<juares like a chess board, with a ground square on one surface 
opposite a clear square on the other surface. The setting Is to be made 
when the images on both surfaces of the glass are equally diffuse. With 
this type of screen a magnifier of 8x at the most is about the strongest 
that can focus both sets of ground squares at the same time. It Is par- 
ticularly adapted for use with k>w«* power imgrtlflers, and especially 
as a screen In a reflex camera vrhere the hood msw prevent the use of a 
high power m^nifier. The exact pfane In sharp foots lies between the 
two surfaces. It cannot be assun^ that it is midway between them. 
Because of spherkal abem^on the quality of the out-of-focus Images 
on both sides of bbe plane of exact iocus is different, and this means 
tlm the pbne of sharpest focus is not necessarily midway between 
two positions where the definition Is equally diffuse : it would be if 
there were no spherical aberration In the lens. As this type of screen 
is mainly of use in reflex cameras it is best calibrated in the way that the 
calibration of a reflex focusing screen Is effected, as described below. 

Ailocher method of getting the position of sharp focus 
m<»t easily Is to put a mask In front of the lens consisting 
of a series prallel silts about J Inch wide, or <x>nsisting 
of boles about | inch sqiare. ft can be Improvised easily 
from stiff card and an old filter holder. With this mask In 
place the out-crf-focus light f^tch Is split up Into a number 
of separate patches, and this gives a more definitely diffuse 
appearance to the image on the screen. The Image then 
seems to snap Into focus more abruptly. 

Checking R^ex Focusing: The first variant of this simple 
use of a focusing screen Is to bend the light by a mirror 
and receive the image on a screen so that it Is visible right up 
to the moment of making the exposure. This of course 
Is just the basic feature of the single-lens reflex 
camera. 

The main thing to he checked over with a refhx camera, 
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Right : The simplest way of iookfng at the scene Is on a ground-gtass 
focusing screen. After that a direct vision finder may be used (two 
versions shown). Slightly more complicated Is the rdlex finder, the 
brilliant view-finder, and an optica! view-finder (pages 291-297). 

Left : Varlo4» tyP®* view-flnde« are shown In outline ; a Ze/ss 
** Flektoskop,” an opticai finder, and an “ Albada finder (pages 294, 
m, 297). 


VIEW-RNDERS 
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e/tter Singh or twin lens type. Is whether the image is sharply in 
fbcits on dm plate when it is in sharp focus on the screen. This 
can l>e done very easily, whether the screen is a straight- 
forward ground-glass screen or of the more complicated 
type just descried, by using the procedure described on 
page 239 to test for axial chromatic aberration, or used in 
calibrating a lens for use in the infra-red, as dealt with in the 
previous chapter. Objects are set up so that their images 
are sef^rated by about .003 Inch to .004 inch as there 
described. The central object Is brought to a sharp focus 
and an exposure made. If the screen and plate are accurately 
matched the central Image Is perfectly sharp, with slightly 
diffuse Images on either side. If a nearer object is In sharpest 
focus then the plate Is further away from the lens than the 
foci^lng screen. The amount can be estimated as explained 
in the sectiom dealing with chromatic aberration and 
Infra-red foci 

Tlwe h no tetic difference between the single-lens and 
the twin-lens reflex cameras except that the twin-lens sees 
the picture from a slightly different viewpoint, a feet that 
Is discussed below for view-finders In general. One rather 
definite psychological advantage of the twin-lens Is the fact 
that the picture Is In view all the time, and does not vanish 
as the exposure Is made, but this is purely a matter of 
psydx^ogy and not of opda. 

A varlapt of tbe ^ple r^lex c^nera Is th€ fhktoskop of Zdss and 
reflex focudng devices sudi k the KlfftU Tewefkx, Leitz Reflex 
Houslr^, etc., for me with tong focus lenses. The layout of this Is shown 
m p. 293. Another variant fs die type of view-finder used with some 
types of 16 mm. movie cameras, e.g., the Goerz reflex focuser, which con- 
sists of a reflex camera arrangement and built-in magnifier. It presides 
at one and the same time a method of getting the picture into critical 
sharp focus on the film, and of composing the picture exactly as it is to 
be recorded on the film, without any trouble due to parallax error as 
(Ascribed bdow. 

In using a focusing screen or a reflex arrangement of a 
type mentioned above the picture Is composed and focused 
at the same time. Other devices deal with only one of these 
functions at a time, either focusing or composing the picture, 
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and so can be classed as efther range-finders or view-finders. 
View-finders are dealt with first and then range-finders. 

Direct Vision Finders: The simplest type of view-finder 
comprises a mask or frame mounted In front of a small 
viewing hole In a piece of metal. The distance between the 
sighting hole and the frame Is normally equal to the focal 
length of the lens with which ft is used. The frame is 
the same size as the plate covered. Then, apart from the 
slight parallax error described below, the piaure seen 
framed by the wire frame or mask, with the eye at the 
sighting hole and the lens focused for infinity, Is Just the 
picture that the lens throws on the plate. 

As a rule a lens is focused by varying Its distance from the 
plate to take into account the varying distances of the 
objects to be photographed, although with some lenses, 
the focusing Is done by varying the focus of the lens slightly 
(p. 167). When the focusing Is carried out by moving the 
lens there Is a definite advantage to be gained In nvounting 
the frame or mask of the view-finder on the lens panel. 
As the lens moves away from the film or plai^ Its rear 
nodal point also rroves away from the frfate, and as already 
explained on p. 34 the perspective fran^e is separ^^ from 
the viewpoint by the same distance as the rear nodal point 
and the plate. If the wire frame or mask, which serv^ to 
mark off the area of the picture that will be recorded on the 
film, is fixed to the lens panel, then it automatically moves 
forward through the same distance as the rear nodal point 
erf the lens. The distance of the sighting hole from the wire 
perspective frame Is automatically kept the san^ as the 
distance of the rear nodal point of the I^is finom the 
or film. The picture tl^fi covered bf the frame h Just th^ 
which the lens will record on the film or plate. 

If the leiK Is moved without any owrcspondlng movement 
of the wire perspective frame the field recorded on the 
film Is smaller than the field seen through the frame, except 
when the lens is focused on an object at Infinity and so at 
Its nearest approach to the plate. The amount of the dls- 
cre|^ncy can be Judged from the figure given below. 
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Suppose tfiat a plate 2i Inches by 2^ Inches Is used In the camera 
with a 31 Inch focus lens* and that the wire frame Is correspondingly 
21 Inches by 21 Inches and 31 Inches away from the sighting hole. When 
die Jem Is focused on Infinity the picture seen through the wire frame 
b just that which Is thrown on the plate. When the lens Is focused on 
an objea at 2 feet 6 Inches away from It the picture recorded Is only 
about 90% of that seen through the frame. 

Another form of direct-vision view-finder consists of 
two metal masks mounted one behind the other, so that 
when the rear mask opening just covers that of the front 
mask the rays of light that reach the eye are correctly 
limited when the lens is focused for infinity. When the 
lens Is focused for Infinity the picture seen through the 
two frames Is just that recorded on the plate. 

Optical finders: The types described Immediately above 
are simple and straightforward, and without optical elements 
In their make up. Equally common types of view-finder, 
employ Inexpenkve opdeal elements. Because of their 
^iRfrfidty no provtsion Is n^e as a rule for the change In the 
field recorded as the fens is focused on close distances. 

The simplest type consists of a moulded converging lens, 
a mirror, and a small ground-glass screen as shown on p. 
293. The focal length of the lens and the size of the glass 
screen are matched so that the picture on the screen Is, 
on a smaller scale, fust the picture thrown on the plate when 
the fens Is focused for Infinity. 

An Improvement on this simple type consists In mounting 
a lens In contact with the ground glass screen so that rays 
of light are more concentrated near a point where the 
observer’s eye will be placed, as shown on p. 293. This 
Is the brilliant ” view-finder. 

Another type consists of a telescope as shown on p. 293 
where a diverging lens Is followed by a converging lens. 
The field viewed by a finder of this type Is governed by 
the distance apart of the two lenses and the size of the 
ciear aperture of the diverging lens. Th^e are matched 
so that the field viewed Is that recorded on the plate when 
the km is focused for Infinity. The focal lengths of the two 
lenses arc dK>sen so that distant objects can be viewed 
through the finder without eye-strafn. 
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Albada Finder : A more complicated construction is adopted in the 
Albada type of finder used by Zeiss, in which a larger field is covered by 
the finder than that recorded on the plate. The part of the field seen 
that is recorded. Is marked off by a white frame which seems to be 
superimposed on the scene to be photographed. This type of finder is 
of sp^ial use in sport photography. One particularly ingenious type 
used is shown on p. 293. The negative or diverging lens is lightly silvered 
on its Inner surface, so that a white frame on the mount of the con- 
verging lens is reflected at this surface. The radius of the inner lightly 
silvercKl surface is chosen so that the Image it gives of the frame can be 
comfortably viewed at the same time as a distant object. 

This Is the simplest type of AJbada finder. There are others of more 
complicated construction that give an improved performance, but the 
basic principle remains the same, namely to cover more than the exact 
area to be recorded on the film or plate and to mark this latter with 
an easily visible line. 

Another type of finder uses two positive lenses, the first forming an 
image in the plane of a suitable mask, and the seo^ serving as a n^- 
nifying lens to view the image. A prism system is inserted in sudi a 
finder to provide an erect image. Finders oF this type are the Leitz 
Yidom (which gives an erect image reversed left to right) and the Leitz 
Imarect and the Zeiss Contax Universal finder. In the Leitz finders 
provision is made for using the finder with lenses erf different focal 
lengths by varying the mask size by means of a knurled ring. In the 
2^iss finder the same problem is handled by mounting a series of lenses 
on a turret and bringing the appropriate lens into place to form an 
Image on the mask. In th»e constructions the ratio b^ween the size of 
the imsk and the foc^ length of the l&n system in from of It b equal to 
the ratio between the size of the n^ative and the local length of the 
canoera fens. 

Some view-finders now coming on to the market rely on a fern system 
having variable focal length or variable telescopic power inst^ of 
IntendiangcaWe lenses or variation erf n«sk size. These are particuiariy 
useful when a large number of camera iemes of different focal length are 
likely to be required or "vriien a variabic focal length camera lens is being 
used. These viewfinders work on the same optical principles as the 
variaHe focal length lenses described on page 211 and their construc- 
tlofts are usually simplified versions of the diagrams on page 2i4. 

Ultra Close-Ups 

When dose-ups are being taken at veiy short rang^ 
there are two problems to be faced, problems which are 
encountered In every case when a photc^raph Is taken, 
but which are now of enhanced Importance. These are to 
make sure that the scene Is In sharp focus, for there is very 
little depth of field at these close ranges, and to make sure 
that the correct area of the field is seen by the camera, 
sinc^ parallax errors assume a much greater importance. 
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Such problems are of course automatically avoided by 
the use of a single lens reflex camera. The twin lens reflex 
Is not quite so suitable, as there Is an appreciable parallax 
error (page 299) between the twin lenses. 

Devices have been developed by Zeiss, Leltz and Kodak 
with the aim of avoiding these troubles. The basic principle 
is to festen to the camera a frame, which may be either 
a wire bent to the shape of a rectangle or rods sticking out 
from the camera, whose ends locate the corners of a 
rectangle. This frame covers the area that Is seen by the 
lens for a particular close-up distance, and any object In 
the plane of the frame Is In sharp focus. The size of the 
frame, has of course, to be decided according to the focal 
length of the lens and the distance of the 'dose-up. It Is a 
straightforward application of the methods discussed on 
page 46 to work out the size frame for any particular case, 
or akamatlvdy It Is a simple job to determine it practically If 
a ground gtes fociKing screen can be mounted on the camera. 

Focus the lens at the required distance on fine lines ruled on plain 
¥diite paper card. Thai move a pencilpoint over the paper until it 
just comes Into view on the glass soreen. The boundary of the area seen 
by the fens is soon fixed in ^ way, and it oniy remains to fix a frame of 
me^ or wood to the camera in the plane cf the paper and of a size 
indicated by the boundary marked on the paper. 

The lens can be focused down to the short distances 
required by using an adaptor (see page 50) or a supple- 
mentary lem (see page 52). 

Parallax Errors 

The main fault with all view-finders is the Introduction 
of parallax error. The point of vi&w from which they see the 
scene Is not the same point as the forward nodal point of the 
fens. Consequently they ^ a slightly different picture to that 
seen by the lens. Just as each eye In normal use sees a slightly 
different picture. When the object Is at Infinity the difference 
Is n^llgible. But when the lens Is used for dose-ups the 
difference muy become appredable. 

One wzy of Judging the Importance of the effect Is this: 
the sepan^n between the eyes of an average Individual 

2 ^ 




Owin^ to the separation bctweai tht lens and vlevMlndw they ^ 
sll^tly dHferent parts df the scene. When the subject photographed 
Is far avwiy the differwee Is n^Iglble, but when id« Under Is used for 
viewing close-ups the error may become serious leading to cutting off 
parts of a and similar faults (top). To compensate lor this, 
the waihx error, the Wcw-findw can be tilted as shovm In the lower 
dk^rmn (p. 30C^. There are also othw methods of prevention (p, 


PARALLAX ERROR 

299 




Is about 2| inches, if first one eye is closed, and then the 
other, an idea Is obtained of the difference in appearance 
of a scene when examined from two viewpoints 2| Inches 
apart. A few trials will soon show bow the difference 
Increases with the approach to the eyes of the picture 
examined. 

In the camera the separation of the two viewpoints Is 
the width between the centre of the lens or the centre of 
the negative, and the viewpoint of the view-finder. This 
latter Is the centre of the lens In any of the types described 
above, or the centre of the viewing hole In the simple wire- 
frame finder. The fact that one viewpoint Is further away 
from the scene than the other Is of negligible Importance 
as a rule. 

If the serration betw^n the viewpoints Is less than 
2J Indies the dfect of their separation Is less than that 
[Hx>4ticed by viewing the satnc with each eye separately. 
If ft fe greater than 2J Inches the effea is greater. 

What has been described above Is what can be called 
the “ binocular'* aspect of parallax error, and cannot be 
oorreaed. At the same time ft Is of less Importance than 
another aspect of parallax error which can be corrected, 
as descrfbwi below. 

Not only Is the scene viewed from a rather different 
angle when a view-finder Is used, but the area seen through 
the finder fe dlspla<»d laterally through the distance 
b^ween the vlew^nts of the lens and the view-finder. 
This Is shown on p. 299. 

When distant objects are being dealt with this lateral shift 
Is negligible, but with close-ups and with a physically 
smaller scene therefore being photographed It becomes of 
Importance. For a given distance of close-up it can be corrected 
by tilting the finder as shown on p. 299 also. The angle of 
tilt of the finder depends on the distance of the close-up 
and the separation of the viewpoints of lens and finder. 
It 1$ given sufficiently closely by this formula. 

Angle of tilt = 60® X (separation viewpoints) 
~ (distance of close-up). 
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For Instance if the separation of the vlewf>olnts Is 3 Inches, 
as shown for Instance on p. 299, and the close-up Is at a 
distance of 3 feet (f.e., 36 Inches) the angle of tilt Is 
Angle of tilt = 60® x 3 36 = 180® ~ 36 = 5®. 

With the type of finder ii)at consists of a sighting hole and 
a wire frame the parallax correction is most readily obtained 
by raising or lowering the sighting hole to take It further away 
from the lens axis. This Is In effect the same as tilting the 
finder. With the preferred type, where the distance of 
viewing hole from the frame Is about equal to the focal 
length of the lens (depending on the focusing position of 
the lens), the movement of the sighting hole, away from Its 
Infinity position, for close-up use Is given by the formula. 
Movement of sighting hole = (Separation of viewpoints) 
X (focal length of lens) (distance of close-up). 

For Instance with a separation of 3 inches between the 
viewpoint, a lens of 4 Inches focus, and a close-up at a 
distance of 4 feet (/.e., 48 Inches) then 
Movement of Sighting Hole = 3 x (4) -r (48) = J Inch. 
With some types of finder the simplest way is to tilt 
the finder through the angle needed, as worked out above, 
but there are various other possibilities. 

For Instance with a finder that consists of a diverging 
and converging lens as described above, one method Is to 
rule fine lines on the diverging lens that are unsym metrically 
set about the centre line of the finder to allow for this 
parallax error. 

With a twin lens reflex, the separation of the viewpoints 
Is the distance between the centres of the two lenses. 
The parallax error due to this can be counteracted by using 
a ground glass screen that is larger than the plate t»ed. A 
mask on the glass expases an area tfw size the fdate. This 
mask is movable. When the camera Is focused on Infinity 
the mask Is In the normal position expectol In a reflex 
camera, and the area of a distant scene thrown on the 
screen is the same as that recorded on the plate. When 
the lens Is focused for close-up work the mask Is slid back 
through a distan<^ given by 

30i 



Movement of mask = (separatfon of viewpoints) x (focaf 
length of lens) (distance of close-ups). 

Range Finders 

The principle on which almost all range-finders are built 
is the same: rays of light from an object go through two windows 
and form two Images, The rays entering the two windows 
make an angle with each other that depends on the distance 
of the object from the windows. The relative positions of 
the two images depend on the angles between the rays 
entering the windows, and so depend on the distance of 
the object. 

The distance of the object is then measured by measuring 
the separation of the two imag^. 

For photographic purpose the separation of the images 
is measured by finding out what adjustment to an optical 
system wlH bring the two Images into coincidence. 

The simplest type of range-finder uses two mirrors, as 
shown on p. 303. When the object is at infinity the rays 
entering the two windows are parallel as shown. And with 
the mirrors In the positions drawn the rays entering the 
lens L shown are also parallel, and only one Image of the 
distant object is formed. 

If the mirror setting is unchanged but the object moves 
Into a position nearer the finder the rays of light entering 
the windows make an angle with one another. They then 
make an angle vdth one another when they come to the 
lens L, and this therdbre forms two Images, at PI and P2 
as shown on p. 303. These are examined with the eye lens £. 

By turning the mirror MI through the correct angle, 
the rays of light leaving It In this second case are turned so 
that the two sets are parallel when they come to the lens 
L, as shown by the chained line on p. 303. Then only one 
Image Is formed, at Pi. 

Measuring the distance of an object then means measuring 
the angle through which the mirror Ml must be turned, 
so that the two Images seen through the eye lens £ of the 
range-finder fuse Into one. 
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Ab(we ; By using rotating or swingbig ¥redges a smaM deviation of the 
light rays Is called by a hrger movement tii^ in the case of a rotating 
mirror. Hence a larger and more ca^ly produced nmbankal adjustment 
^ u^ to bring ^ two Images to o^ndd^ice, and the problem of 
coupling up ^is focmlng to the rai^e-^ider adjustment is sim- 
plified (p. §04). 

RANCT BNDERS 
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As far as the two images seen through £ are concerned 
there are variations In detail. In some cases the field is 
split into two halves and one half Is viewed In effect through 
each window. The adjustment is made so that the Image 
seen through £ is continuous, so that one half Is not sheared 
across relative to the other. In other cases, notably in 
some Zeiss instruments, the silvering of the mirrors is done 
so that the images refleaed from the mirrors Ml and M2 
are of slightly different colours, one tinged with red, and 
the other with green. This helps In getting an exact 
setting. There are quite a number of individual variants 
on these detailed image arrangements. 

The trouble with this simple type of range-finder is the 
smallness of the angle through which the mirror MI must 
be turned to bring the images into coincidence. The angle 
of turning away from the infinity position is given by — 

Angle of turning = 30® x (^paratlon of windows) -r 
(Distance cf objea). For Instance with windows 3 inches 
apart and an objea 4 feet distant the angle is given by 
Angle of turning = 30® x 3 -- 48 = l|® 
with an objea 6 feet av«iy 

Angle of turning = 30® x 3 72 = I J® 

and therefore the difference in angle between 4 feet and 
6 feet Is only | of a degree. 

Root/i^ end Swinging Wedges ; The aim of several different 
types of range-inders Is tber^ore to find a method of dis- 
placing one image relative to another by a method that Is 
not quite so sensitive to small movements as that just 
described using a pivoting mirror. Of these methods of swing- 
ing light rzys through a small distance with an appreciable 
movement of some mechanical part, two are particularly 
important, namely, the rotating wedge method, and the 
swinging wedge. 

The arrangement of the rotating wedges Is shown on 
p. 303. The angle of each wedge Is very small. The maxi- 
mum deviation that each can cause is approximately J x 
angle of wedge. The angle of each wedge is about 5 degrees 
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giving a range from Infinity down to about 3 feet with a 
reasonable window separation. 

When a ray of light goes through the wedge It is bent 
towards the thick end of the wedge. When this latter is 
vertical the ray is bent either up or down, according to 
whether the thick or thin end Is uppermost. When the 
wedge is horizontal the ray is bent to left or right. This is 
shown on p. 303. With the wedge in between the horizontal 
and vertical positions the ray is bent up or down and to 
the side at the same time, so that the total bending is still 
the same. 

In the range-finder two wedges are mounted with the 
same angle on each. They can rotate in opposite directions, 
one clockwise, the other anticlockwise from the position In 
which they are parallel as shown on p. 303 to the position 
when they are opposed. This means quarter of a turn on 
each. 

When the wedges are parallel they behave as a block of 
glass with parallel sides and there Is no deviation of the light 
reaching the finder window. When they are opposed the 
light Is deviated to the left or right without any de\datlon 
up or down. In any Intermediate position the deviation up 
and down given by one wedge is cancelled by that given by 
the other, but the deviations to left or right reinforce one 
another. Consequently in any position of the wedges, 
when they are correctly adjusted so that each turns the same 
angle from the parallel position, there Is no up and down 
deviation but simply a side-ways deviation. By putting In 
the correct amount of deviation in this way the images seen 
through each window the range-finder are super- 
imposed. 

if there is any maladjustment of the wedges, so that they 
do not automatically turn to the same angle as each side 
of the oppt^ed position there Is a residual vertical displace- 
ment and the Images cannot be brought into exact coinci- 
dence. 

In the case jiKt described a rotation of each wedge 
through 90 degr^s gives control over a small deviation, 
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from the fuH amount when the prisms are opposed, to zero 
when they are parallel. 

The large movement of the wedges for a small deviation 
helf» things considerably In making the range-finder and In 
coupling It up to the focusing of the lens. 

In the second type the deviation Is still caused by a wedge 
or prism, but In dFect means are provided to vary the angle 
<rf the wedge. The arrangement Is shown on p. 303. There 
are two pieces of glass, one with a plane surface and a 
concave cylindrical surface, the other with a convex cylin- 
drical surfece of the same radius and a plane surface. The 
glass with the convex surface Is free to pivot about the centre 
curvature of the curved surface. Consequently the 
external form of the two glasses can vary from that of a 
parallel plate to that of a wedge as shown on p. 303. The 
angle through whkh the wedge must swing Is four times the 
angle through whkh a mirror must turn to produce the same 
devhidcm. 

This type of system has been Incorporated by Zeiss 
In a combined range-finder and view-finder for use on 
Contax cameras. 

The details of the way In which range-finders are coupled 
to iem»es are of mechanical rather than optical interest 
and are outside the scope of this book. 

Steneoso^c Pfw^raphy 

The normal practice is to use both ey« when looking at 
one's surroundings. This plays a great part in building 
up an Impression of depth, in placing objects at their respec- 
tive distances, and In giving a feeling of the solidity of things. 

The two eyes see the scene from slightly different view- 
points, and as a result the observer Is really seeing two 
pictures at the same time. The optical axes of the eyes also 
converge slightly to meet In the objects on which attention 
Is concentrated at any Instant. 

M&Hd fmces^ fuse the two pictures Into one^ and provide 
the sensation of solid relief. And In order to get the full Im- 
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presslon of relief It Is essential that the mental fusion of the 
two pictures takes place. 

The way in which the use of the two eyes helps to build up our 
impression of depth and relief is the “ stereoscopic effect.** 

It is lost when plates are taken in straightforward photo- 
graphy. The camera sees things from one angle only. There 
is no longer the perception of two scenes and their fusion 
to give a feeling of depth. Skilful lighting and placing of 
shadows can do a lot towards creating the Illusion of depth 
and solid relief, but It cannot do everything. 

To recapture the full sense of the depth of a scene means 
taking two photographs at a time, a “ s^reoscopic pair ** with 
a stereoscopic camera. Such a camera has two lenses side by 
side, so that Its action copies that the two eyes. The 
photographs, when taken and printed, are examined In 
pairs, one with each eye, with a stereoscopic viewer. 

While the questions that arise when dealing with stereo- 
scopic photography cannot be taken as being of major 
Importance In the total field photographic optics, there 
are some points of optical Interest that should be dealt with. 
They arise both In the use of the taking camera and In the use 
of the stereoscopic viewer. 

Taking the Pictures : The first requisite of the two taking 
lenses is that they should be of the same equivalent focal length 
and in focus together. The equality of focal length means that 
the two pictures are on the same scale, and that when the 
lenses are mounted In the camera panel so that they focus 
together for one taking distance then they focus together 
for all taking distances. 

Normally there Is a variation In equivalent focal length 
among lenses of the same batch from t^ factory. As a rule 
this Is something under one per cent. Fcx- stereoscopic 
work however the lenses should be matched to have any 
discrepancy In focal lengths below thh value. 

At the same time the position of the face on the lens 
mount, that locates It on the camera panel, can be adjusted 
so that both lenses will automatically focus together. 

It is important to pay careful attention to depth field 
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considerations, since any parts of the picture which are not 
reasonably sharp cannot be viewed satisfactorily with any 
true perception of depth. 

Brief mention can be made of an alternative taking arrange- 
ment using a single camera and single camera lens. In this 
an arrangement of prisms or mirrors divides the aperture 
of the lens into two halves and simultaneously separates 
the viewpoints of these two halves by the correct amount. 
Two separate pictures are recorded on the one film side by 
side and th^e can be printed In the usual way. 

Viewing the Pictures : Suppose now, for example, that 
taking lenses of 4 Inch focus have been used to photograph 
a distant scene, and that contact prints have been made from 
the negatives. Suppose further that these prints are mounted 
as shown on p. 309 one in front of each of two lenses also of 
4 inch focus, and In the focal plane of these lenses. Then if 
the separation of the taking lenses is the same as that of the 
normal human eyes, and If this In turn Is the same as the 
separation of the viewing lenses, one can look through the 
viewing lenses at the prints and see the two scenes exactly as 
the camera saw them. 

Since the camera lenses have Just been specified as being 
the same distance ap)art as the human eyes, about 2J inches, 
this last fact simply m^ns that when one looks through the 
viewer one sees Just the two scenes that would have been 
seen by the naked eyes when the piaures were taken. The 
two pictures ^en through the viewer can be fused together 
In exactly the same way that the original scenes would have 
been fused, and the same Impression of depth is created. 

impression of Depth : The cases of special interest are those 
in which the separation of the camera lenses is not the same as 
that of the human eyes, or in which the focal length of the 
lenses in the viewer is not the same as that of the camera 
and the effect that these have on the impression of depth. 

A measure of the stereoscopic effect is the angle between 
the rays from any point that enter the two eyes, and the 
differences between the angles for varying object positions. 

Now take a concrete case where the lenses are of 4 Inch 
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focal length In both viewer and camera, and the separation 
of the camera lenses Is that of the normal human eyes, /.e., 
2J Inches. The separation of the viewing lenses Is necessarily 
this figure. An object 12 feet 6 inches, f.e., ISO inches, in 
front of the lens panel sends rays to both lenses, as shown on 
p. 509. For simplicity Imagine that the ray through one 
lens coincides vdth the lens axis, and that the image of the 
object formed by this lens Is consequently in the centre of 
the plate. The ray going through the other lens makes an 
angle of about I degree with the lens axis, and the image is 
displaced ^ inch away from the centre of the negative. 

When contact prints are made and examined with the 
viewer, the ray from the image in the centre of the print 
a>lncides with the lens axis. The ray from the image dis- 
placed one-fifteenth of an inch from the centre makes an 
angle of about one degree with the lens axis. As a result 
there Is an angle of about one d^ree between the rays 
entering the two eyes, and which are mentally fused to give 
one image point. 

if however the distance between the camera lenses is 
5 inches, i.e., twice its previous value, the focal lengths, etc, 
remaining as before, the image on the plate is now displaced 
two-fifteenths of an Indi away from the centre of the 
Illative, When the prints are viewed under the conditions 
described afa<we the ray from this point on the print now 
an angle of about 2 d^rees vrith the axis. The angle 
between the two rays ottering the two eyes is thus twi<» 
its previous value, and the same holds fcH" the pairs of rays 
from ail other points. As a result the sensation of depth 
and reiief is Increased, and objects In the picture stand out 
from one another In a more pronounced way than before. 

Using a camera with a lens separation greater than that of 
the human eyes, and ming a stereoscopic viewer under the 
conditkms described above, magnifies dm impression of depth. 

The next thing to do is to see what is the effea of using 
efilar^mcnts Instead of contact prints In the stereoscopic 
viewer, and to see what difference is made when the focal 
lengri^ of the viewing lenses differ from those of the camera. 
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When enlargements are used, say for example enlarge- 
ments fn the ratio of 3 to I, the angle between any pair of 
corresponding rays entering the eyes is Increased threefold. 
At the same time every object In the picture seems three 
times as large. The net effea is the same as looking at an 
object which is three times as large as the original subject 
In all directions from the same viewpoint. It will be ap- 
parent from geometrical considerations that this effect Is 
not the same as looking at the original subject from a 
camera position reduced to one-third of the actual value of 
the camera to subject distance. 

This is quite a different effea from that met with when 
using a camera with more widely separated lenses than 
the human eyes. In that case each objea stays Its proper 
size, but there is produced an Impression of a more pro- 
nounced stretching out, away from and towards the camera. 

The effea of using viewing lenses of shorter focus than 
that of the camera lenses is the same as using enlargements 
instead <rf contaa prints. 

In other words the effects of using enlargements or 
short-focus viewing lenses are just the same as those en- 
countered In normal photography. What Is novel and of 
importance In stereoscopic photography Is the enhancement 
of relief obtained v/fth widely s^ctd camera lenses. 

The same effea can be produ<^ by taking two photo- 
graphs with a norm^ camera, with a lateral displacement of 
the camera between the two exposures, taking care to keep 
the camera In parallel positions when the exp<»ures are made. 

Mounting ths Prints : There are points to notice In connec- 
tion with setting the prints In the vicww. The fira Is to make 
sure that lines joining corr^ponding points In the two 
prints are pantile!, and that they are prallel to the line 
jc^nlng the centres of the vfevdng lenses. The second is 
to place the prints in the correa order, with the left-hand 
print in the left-hand position on the viewer. The third is 
to make sure that lines from corresponding points diverge 
to the eyes as shown on p. W9, and tirat they do not con- 
verge as also shown on p. 309. When the rays are converging 
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the axes of the eyes are diverging, and although It Is possible 
to fuse the Images In this case It Is more difficult to do so, 
and with anything over a slight degree of convergence 
the fusion of the two Images becomes Impossible. If any 
difficulty Is encountered In fusing the two scenes with the 
simple and straightforward kind of viewer normally used, 
and described In outline above, the fault most likely to be 
responsible for this Is that the rays are converging Instead 
of diverging. It can be overcome by moving the two prints 
closer together until fusion Is obtained. 

Stereoscopy in the Cinema 

Just In the same way that the stereoscope requires two 
separate pictures taken from two camera viewpoints, so the 
viewing of stereoscopic moving pictures In the cinema re- 
quires two Images projected from two different films. In 
this case the two Images are not positioned side by side but 
approximately superimposed. 

In order to ensure that each eye can only see the Image 
intended for it, polarising filters are Inserted In front of 
each projection lens and the viewer wears polarising spec- 
tacles. The axes of the polarising filters are oriented in such 
a manner that the light from the left eye picture Is polarised 
at right angles to the polarising angle of the right eye 
speaacle so that the right eye cannot see the left eye picture 
and vfce versa. The ^reen surface must be metalllsed^ — 
usually with a thin aluminium ccmJng — to avoid loss of 
polarisation when fight Is reflected from the screen. 

Red and green filters have been used In a similar way to 
separate the two Images, but these are not very suitable and 
they cannot be used for colour films. 

Although two Images are projected simultaneously, the 
light transmission through bc^h sets of filters Is so low that 
the picture appears considerably less than half as bright as 
normal unless brighter arc lamps or wider aperture pro- 
fectk^ lens» are used. 

The degree of superfmposftlon <4 the two Image points 
which consittfte one point of the object being viewed will 
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depend upon the distance of that object as seen by the two 
cameras and hence the convergence of the eyes to fuse these 
points gives the stereoscopic effect. 

Usually a film has to be produced with a particular mag- 
nification in mind and to avoid exaggerated stereoscopic 
effects at this magnification, sometimes the camera separation 
has to be much less than the human eye separation. 

Other proposals for cinema stereoscopy achieve the 
separation of right and left eye images at the screen itself. 
These are highly complex and depend on the use of lenti- 
cular or similar grids on or in front of the screen. The two 
images are then split up Into vertical strips, and “ Inter- 
laced ” leaving the lenticular grid to present each com- 
ponent picture to the appropriate eye. 

Enlarging 

Enlarging has been dealt with in another volume of this 
Manual (I), and ail that can be done here Is to call atten- 
tion to one or two points of optical Interest that arise in 
connection with the use and construction of enlargers. 

The arrangement of negative, enlarging lens, and enlarging 
board for any magnification can be worked out (p. 54). 

The importance of using a lens specially corrected for 
enlarging conditions has been pointed out on pp. 133, 184. 

Illuminating Systems : The Illuminating systems of en- 
largers are of two basic kinds, those that use a condenser 
and those that rely upon a diffusing screen. 

In either case the important thing is to bring up the 
intensity of illumination at the edge of the negative. 

In the condenser type of enlarger the light from the bulb, 
either clear glass with a bunch^ and compact filament, 
or sometimes a pearl or opal bulb, is collected by the con- 
denser and brought to a focus in or near the enlarging lens. 
The negative to be enlarged is placed as near as possible to 
the condenser in order to keep up the marginal illumination, 
and to keep down the diameter of the condenser needed. 

(I) Enfargkjg^ The Tedmkpte of tftc Po^ithte» by C. I. Joa^son. (Focal 
Press.) 
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The diameter of condenser is just larger than the largest diagonal of 
negative to be dealt with. As a rule there is no dose limit on the focal 
length of the condenser or its type. If a bunched filament Is used the 
enferger is not significantly different from a projector as described later 
in this chapter. The condenser then consists of two plano-convex glasses 
with their convex surfaces facing one another, and with a piano side 
nearer the negative, as shown In the diagram on p. 315. The focal length 
of the condenser is then as a rule about two thirds of the focal length of 
the enlarging lens, so that when the positions of the principal planes are 
taken into account a slightly enlarged image of the filament Is formed 
near the front glass of the enlarging lens. This type of condenser 
illumination is somewhat inconvenient in that the lamp position has to 
be changed to get the best illumination when the degree of enlargennent 
is changed. A more common form of enlarger-illuminating system 
employs a condenser and an opal bulb, the diameter of the opal envelope 
being about two thirds of the diagonal of the negative. The focal len^h 
of the condenser is then just less than the focal length of the enlarging 
lens. The usual form of condenser is again two plano-convex glasses 
with their convex sides facing one another : a rather better form uses 
two plano-convex glasses with the convex side of one i^xt to the piano 
side of the other, as shown batxxm left on p. 315. In enh.rgers for deal- 
ing with the 24 X 36 mm. frame a single biconvex condenser is fre- 
quency used. With the condenser and <^al bulb arrangement no 
variation in bulb posiCon h needed with different degrees of enlarge- 
ment, and the position of the bulb relative to the condenser is not 
critical. What should be noted is that for high degrees of enlargement, 
with the distance of the enlarging lens from the negative near its 
minimum value, the lamp recommended by the makers should be used. 
A lamp of smaller wattage will normally have a sntaller envelope, and 
under the conditions stated this will probably result in poor illumina- 
tion of the comers of the negative, ft should also be not^ that a pearl 
bulb is not an efficient substitute for an opal bulb in this type of enlarger. 

In the type of enfcu^ger that uses a diffusing screen the illumination 
of the neg^e is carried out by tight transmitted and scattered by a 
sheet of feshed opal or greyed glass mounted immediately bdiind the 
negative. To obtain the best results the diffi»ing medium mi»t itself 
be ilumin^ed evenly. Thk is e$pe<^% true when greyed glass is used. 
One method of effecting even illumination is to use a condenser to 
dirKt light on to the diffusing screen. Such a condenser may be of 
larger focal length than a condenser used without diffusion, as discussed 
abow. When fcu*ge size negatives are to be handled, say whole plates 
or larger, the use of a condenser becomes impractical. A device that Is 
tsed in a case such as this, Is incorporated in enlargers by Aldis and 
Kodak, aixi con^ts of a sysi^ of sloping mirrors fining the sides of the 
enfej-ger famphemse. Each of these mirrors acts as if there were a lamp 
behind it throwii^ light on to the diffusing screen. The evenness of 
is d^ecKfent in thb case on careful diolcc of mirror sizes 
and 

Vmjkig CMrast : One wdHcnovwj fact is that harder 
contrast is obtained with a condenser enlarfer than with one 
that relies upon a diffiKing screen. This is dealt with in the 
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left: The simplest 
type of enlarger 
lUumlnation uses a 
clear or opal bulb 
and a diffusing 
screen (p. 514). 
Right: A more even 
and effident illumin- 
ation Is obtained 
by the use of cor- 
rectly placed mir- 
rors. The mirrors 
reflect light as If 
there vrere two 
more light suorces 
behind them (p. 
314). 





Above teft : Aftematlvdy effident Illumination 
is ohtahied a dear or opal and a 
disusing screen badced by a condeioer (p. 314)- 

4l>ove right : Rather hard contras is obtained 
with a dear or opal bulb and a condense as 
diown (p. 314). 

left ; A varhble coi^rast enbrger patented 
^ Zefss. FI and F2 are polarfsing filt«*s. As 
F2 is rotated there is a variatlofi In the contrast 
of the enbirged Image (p. 316). 


ENLARGER ILLUMINATION 
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book a! ready quoted, and In another volume of this Monua/(l). 
The explanation is that the silver grains in the negative not only 
cut off light by absorbing it, bat they also scatter the light 
incident on them. 

With condenser illumination the rays of light that traverse 
the negative are all going In more or less the same direction, 
towards the enlarging lens, and any light that Is scattered is 
deviated so that it does not reach the enlarging lens. As a 
result no light from the opaque parts of the negative 
reaches the enlarging board, and the contrast is hard. 

When a diffusing screen Is used the light incident on the 
negative has already been scattered by the screen and is 
coming from all directions. As a result some light Is 
scattered by the sliver grains in the dark parts of the negative 
so that ft reaches the enlarging lens. The opaque parts no 
longer seem perfealy black and the contrast is softened. 

This Is a j>^ectly well-known phenomena. It is dealt 
with In the books already quoted, and there is no point in 
going over the ground again here. What can be described 
hs Its application to the construction of a variable contrast 
enlarger. 

The contrast Is hardestwith condenser Illumination, where 
scattering by the silver gr^ns is unimportant, and softest 
wfth a dense diffusing screen, when scattering has to betaken 
into account. If a means can be found of controlling the 
proportion of s<attered and directly transmitted light then 
the contrast can be varied within limits. Various methods 
of doing this, all of them more or less satisfactory, and using 
stops of f^rtlcular shapes, have been described. A particu- 
larly Ingenious method is described by Zeiss In British 
Patent Specification 535,290. 

The method there described Is to use a condenser enlarger 
arranged as shown on p. 313, with a bunched filament lamp. 
Between the lamp and the amdenser Is a polarising filter FI, 
amd between the negative and the enlarging lens another 
pc^uislng filter f2* 

(I) Der^opirif, The Negative Technique^ by C. /. Jacobson. (The Focal 
Press.) 
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This arrangement ensures that the light reaching the 
negative is plane polarised. The light transmitted directly 
by the negative has Its polarisation unchanged. If FI and 
F2 are parallel all the directly transmitted light goes through 
FI, If FI and F2 are crossed none of this light goes through 
F2. 

The light that is scattered is depolarised and is not affected 
by any change in the position of F2. 

Consequently by turning F2 relative to FI the proportion 
of diffused and directly transmitted light can be varied 
continuously, and so the contrast in the negative can also be 
varied. 

Only one type of enlarger has been described above, but 
several other types are described in the patent specification. 

One point that should be mentioned is that, with an 
enlarger using a diffusing screen, the contrast on the enlarge- 
ment may be slightly softer than that of the image on the 
enlarging board examined with the naked eye. The blue 
light acting on the paper is scattered much more than the 
yellowish-green light to which the eye is most sensitive. 
The effect as a rule Is not of any great importance, nor does 
it cause much trouble. 

Correction of Distortion In Enlargers 

When a photcgraph is taken with the camera axis indinol 
CO the horizontal the most obvious result is that lines which 
should be parallel on the negative, such as the vertical 
edges of buildings, are actually Inclined at an angle to one 
another. 

For convenient reference this dfect produced by an 
inclined camera can be caffed convergence of perpendicu- 
lars,*’ since It Is most evident In the convergence of the 
perpendicular edges of buildings in a photograph taken in 
this way. 

It is sometimes stated, without suffki^t emphasis on the 
conditions to be observe, that the convergence of perpen- 
diculars can be corrected vrhen an enlargement is bdng 
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made. It Is true that the use of a. sloping enlarging board, 
either alone, or taken In conjunction with a tilted negative 
or pivoted lens, leads to bringing these lines back to 
parallelism. But In aaual fact this Is not the only condition 
to be observed In making a satisfactory enlargement. 

Consider a concrete case. A photograph Is taken of a 
square object with the camera sloping up at an angle as 
shown on p. 320. As a result the Image on the plate or film 
Is not a square, but a trapezium. An enlargement Is to be 
made from this negative with these conditions : In the 
enlargement the sides of the figure shall be parallel to one 
another, not Inclined at an angle ; similarly the figure Is to 
be a square, and not a rectangle as so often happens ; and 
thirdly the enlargement Is to be In focus over Its whole area. 

There are thus three conditions to be fulfilled. 

In general (leaving the case of a swivelling lens for later 
consideration, see page 326) there are three possible ad- 
jti^mefits tfm can be made. These are : The angle of tilt 
of the native In the enlarger, the tit of the enlarging 
board, and thirdly there Is possible a certain amount of 
freedom In the ctelce of the focus of the enlarger lens and 
the degree of enlargement that It Is to give. 

While an exact fulfilment of the three conditions stated 
above cannot In general be established, a suitable choice 
of the enlarger setting enables quite a good approximation 
to be made. 

in die ca^ of the rq>rodiiaion of a sqtme quoted above 
It ^ a slnipie m^ter to see tkst the propc^ions of the en- 
largement are just those of the original scene that was 
ph^qgraphed. This example was quoted because it brings 
out dearly the a>ndItions to be fulfilled In a satisfactory 
enlargement. In practice however there are not geometrical 
figures of this type In the photograph by which the correct 
rendering of proportions can be Judged. The best proced- 
ure then In discussing the correction of convergence of 
po-pwllcrfars is to indicate under what conditions the 
production of the desired parallelism automatically In- 
volves the reproduction of the scene In Its proper pro- 
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portions, or to give an estimate of the degree of elongation 
produced In the enlargement If these conditions cannot be 
exactly fulfilled. 

The simplest way in which the perpendiculars are rendered 
paraliel is to keep the negative square on to the enlarging lens, 
as shown on page 320, and to tilt the enlarging board only. 
It Is a simple matter to tilt the enlarging board through 
such an angle that the converging perpendiculars are 
rendered parallel. But at the same time It usually happens 
that the proportions of the original are not reproduced 
in the enlargement; a square Is reproduced as a rectangle. 
The picture is much too drawn out in one direction and 
usually things are too tall and thin, consequent upon the 
camera being pointed slightly upwards. Also in order to 
get reasonable definition over the whole area of the en- 
largement the lens has to be stopped down considerably. 

The factor that determines whether or not there is any 
lack of proportion in the enlargement Is the ratio of two 
distances. The first oT these Is the distance of the rear nodal 
point of the enlarging fens from the negative In the enlarger ; 
call this for short the ‘‘enlarging nod^ distance.’* The 
second Is the distance of the rear nodal point of the talcing 
lens from the film or plate in the <amera; call this the 
** taking nodal distance” To get proper proportioning of 
the enlargement when parallelism is obtained by tilting 
the enlarger board these two distances should be the 
same. 

If the enlarging nodal distance is greater than the taking 
nodal distance, as usually happens, then the picture is more 
drawn out than It should be. If the reverse Is the case then 
the picture Is much too sqt^ and compressed. 

The methocfc of working out the nocki distance have 
been fully explained previously (see pages 46 and 52). 

The general condition to be drawn is that the enlarger 
lens should be of shorter focus than the taking lens. In 
normal circumstances where a tilt of the camera is notice- 
able, e.g.. In architectural studies, the subject is at a distance 

more than say twenty times the focal length of the lens 
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Toff : A tUced^caiBen pl»oto^-a^^ a square pixxiuces a distorted 
Image (p. 317). 

Lower hft : h Is possible to corrert part of the distortion when nnaklng 
an enlaiigement by tilting the enlarger board (p. 319). 

Centre : Or better still by tilting both the negative and the enlarger 
board (p. 323). 

Right : Altematlvdy the lens may be pivoted and the enlarger board 
tified (p. 326). 

Ui^ess specfa.1 care Is taken the convergence of the sides of the square 
h corrected in the enfeugement as described above at the expense of 
drawli^ om: the image that should be a square into a rectangle (p. 3 1 9). 


PRODUCTION AND CORRECTION OF DISTORTION 
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Left : Under the proper conditions the distortion In a negative can be 
corrected by using a tilted negative and enlarging board. An Important 
distance Is the enlarging nodi dtonce E The sl<M>es of the nc^tlye 
and enlarging b^u*d have to be refeted, as described In tot, to the 
enlarging nodal distance £ and to the taking nodal distance (p^es 319, 
323). 

Right : Practical detaib of enlargar adftistment are Illustrated by which 
the correct ratio of angles can be established. The conditloi® that guaran- 
tee correct proportions when i»rallelisnri Is attained involve tangents of 
angles. Any use of mathematics Is ^Imlmited by considering the adjust- 
ments to be made In the manner shown. Wl»t has to be «tabllsh«l 
then Is the correct ratio of the distances d, d\ h and h', as explained in 
the text (p. 324), 

ENLARGER ADJUSTMENT FOR CORRECTION OF DISTORTION 

M.O. — L 321 




away, and without serious error for pictorial work the taking 
nodal distance can be taken as equal to the focal length of 
the camera lens. The enlarging nodal distance Is necessarily 
greater than the focal length of the enlarger lens ; In the 
case of a 2 ; I enlargement It Is 1 .5 times the focal length, 
and for a 3 : I enlargement L33 times the focal length. 
The general formula Is given on page 54. 

The difficulty that Is encountered with the use of a lens for 
enlarging of smaller focal length than the taking lens Is that 
It may not cover the whole of the field covered by the taking 
lens even when It Is stopped down. In such a case a useful 
procedure is to use a wide-angle lens (see page 172) 
stopped down sufficiently to give good definition all over the 
sloping enlarging board. 

In practice It often happens that the same lens Is used 
both for taking the n^a^ve and for enlarging It. In this case 
It Is not possible by tilting only the enlarger board to obtain 
an CDcactly proportoned enlargement. The rule In this case 
Is that the greater the degree of enlargement the more 
nearly correct are the proportions of the enlargement when 
parallelism is attained. 

It Is not worth while trying to shorten the focus of a 
camera lens used In an enlarger, so that the condition about 
the equality of the nodal distances can be fulfilled, by using a 
converging supplementary lens. A supplementary lens of 
sufficient power to be of use upsets In too marked a fashion 
the corrections of the oii^nal lens. 

The pertliiefit iratthemscdcatl formulae are ; 

Focal length of camera lensf : Focal length of enlarger lens F 
Can^ra Im focused on a distance u: Degree of enlargement M times 


Taking nodal d^tance T ~ 


T : Enl. nodal dis. E = x f 

U*r /n 

Call the ratio R = E ~ T. 


The slope of the camera is I degrees 


Th«i the d^ree of elongatkm 



I -f R»tanM 
i + tan* I 


A rule gMng the f/mimbw of the lens aperture so that It will 
give a chtfo of confoslon of less than -01 inch at any point on the 
enlarging board is thb : If the edge of the enlarging board is raised or 
dropped d inches away from its s<iuare-on position, if the degree of 
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enlargement is M diameters* then the f/numher f/N is given by N = 
lOOd 4- (M + I). 

Thus for a 10 times enlargement with d = 2 Inches N — 2x 100 -r II, 
/.e., N is approximately 18, and the lens should work at about f 18. 

In a more sophisticated use of the enlarger to correct the 
convergence of perpendiculars both the negative and enlarging 
board are tilted as shown on p, 321. 

By matching together the tilt of the negative and that of 
the enlarging board the correct proportions can be guaran- 
teed when the parallelism of the perpendiculars Is 
established. In carrying out the enlarger adjustment there 
are two factors that have to be related to one another. 
The first Is what can be called the “ tilt ratio ” of the 
enlarging board and negative, which measures the slope of 
the enlarging board compared with that of the negative. 
The second Is the ratio of the enlarging and taking nodal 
distances already defined. 

The relative tilts of negative and enlarging board are 
measured not by the ratio the angles that these make 
with their square-on position, which they occupy in normal 
enlarging work, but by the tangents of these angles. What 
this means Is shown on page 321. AB Is the height of a 
point above Its square-on position. OB is the distance of the 
point from the axis about which the negative pivots. This 
latter In the case drawn on p. 321 Is on the lens axis. The 
distance OB has to be measured along the square-on pw^sltlon 
and not along the sloping negative ; this Is also shown. 
The negative makes an angle of s degrees with Its square- 
on position. Then the tangent of s, written tan s. Is AB 
OB. Similarly for the enlarging b<»rd the tangent of Si, 
written tan Sj, Is A^Bj -r- O^B^w as shown on p, 321. £ Is 

the enlarging nodal distance r^erred to already. 

Suppe^e that the taking nodal distance is T. (As a rule It 
Is very closely equal to the focal length oi the taking lens. 
In actual fact It is the v worked out as d«crlbed on p. 48.) 
The ratio R ci the enlarging and taking nodal distances Is 
E -r T. 

Then the condition to be established In order that both 
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correct proportions and parallelism of perpendiculars can 
be guaranteed Is 

+ I 

tan Sj = _ - j X tan s* 

In general It will still be necessary to stop down the lens 
to get good definition over the whole of the enlargement. 

A concrete example of the carrying out of the enlarger adjustment in 
the feshion Indicated will make things clearer. 

Suppose that a photograph Is taken with a lens of 2 inches focus, and 
that the lens was focused for infinity when the exposure was made, then 
the taking nodal distance Is just equal to the focal length of the lens, 
/.e., 2 inches. 

An enlargement is to be made, in the ratio of 5 : I, with a lens of 
3 inch focus, then the enlarging nodal distance (see page 56) is 3 inches 
X (5 + I) -r 5 = 3.6 Inches. 

The pertinent ratio R Is thus 3.6 2 = 1.8 and the value of 

(R* + f) (Ri - I) Is (1.8* 4- I) -4- (1^* — !)♦ 
i4!.. (3.24 +1)4- (3.24 - 1) 0^4.24 4- 2.24 = 1.89. 

Then lor any setting of the negative by tilting It through an angle s 
the enlarger board sh^ld be tilted through such an angle s^ that tan s, 
= i.89 tan $, This can be arranged without recourse to mathematical 
tables in the following way, which also indicates the general principle 
to be followed In making the enlarger adjustments. 

Suppose that the tilt of the negative is adjusted by a screw as shown on 
p. 32i, where the negative carrier, or even the negative itself, pivots 
about an axis through the point f shown. The distance from this point 
to the centre of the adjusting screw is d. The height through which the 
end of the screw raises the negative is h. Then the tangent of the angle 
s Is h 4- d. If for instance the distance d is 2 Inches, then tan s 4- 2 

i b. It is preferable if possible to have the pivoting point or axis P 
on the lens axis at P', as in this event there is no ne^ to re-focus the 
enlarger as the n^tiive is tilted. If P Is rjot at R' then a re-focusIng 
is needed as the negative adjustment is changed. 

As far as tiw adjiKtmcnt of die enkrging board Is concerned it is of 
more Importance that the axis about whkh It swings should be on the 
lens axis. Otherwise the effective overall distance from negative to the 
centre of the enlarging board changes rather rapidly as the board is 
tilted with a consequent change In the degree of enlargement, so 
upsetting the calculation made to ensure correct proportions. If then 
the pivot Is not on the lens axis the negative and enlarging lens must be 
moved at each setting of the enlarger &ard to give the correct degree 
of magnification. While this same effect Is present In the case of the 
negative tilt it can be neglected here as a rule since the change In overall 
distance it produces is normally quite small. In the figure shown, if the 
tilt of the enlarging board is controlled by a bar supporting it which 
travels In a vertical slot, and the drop Is for an offset distance d\ then 
tan Sj =:= b^ 4 dK 

Suppose that in a particular case 10 inches. Then 
tan Sj = (I/I0)b^ 
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Comparing this with the figures given above for the negative tilt the 
base Is five times the base b {/.e., 10 inches and 2 inches). Hence to 
produce the same tangent at as at P means that the drop of the bar 
must be five times the elevation h given by the screw. 

Hence to produce the required ratio of the tangents, viz., 1.89, the 
drop of the bar must be 5 x 1 .89 = 9.45, or near enough 9.5 times the 
elevation h produced by the screw that raises the negative. 

To get the correct setting of negative and enlarging board start from 
the position where both are square on to the lens axis, and the perpen- 
diculars in the enlargement are convergent. Raise the negative by means 
of the adjusting screw through a definite distance, say .05 inch, and 
drop the enlarging board through 9.5 x .05, /.e., .475 inch. Probably this 
will not be sufficient. A certain amount of re-focusing may be needed, and 
it will then be found that the perpendiculars are still convergent. This 
process of adjusting the two heights in the correct ratio has to be carri^ 
out until the perpendiculars are parallel. When this happens the en- 
largement is correctly proportioned. 

It will be necessary to stop the lens down to get good definition over 
alt the enlargement. This latter Is In sharp focus when the enlarging 
board Is dropped through 25 times the elevation given to the negative, 
so that the tilts are in the ratio 5:1. 

There are one or two points worth mentioning. When 
the ratio R is equal to I then the negative should be kept 
square-on to the lens axis and only the enlarging board 
tilted. This has already been dealt with. When R is less 
than I, as may happen with an enlarging lens shorter than 
the taking lens in focus, the negative and enlarging board 
have to be tilted in the same direction, Instead of in opposite 
directions as they have been drawn throughout In the 
diagrams. This is distinctly unfevourable for obtaining good 
definition and requires a very severe stopping-down of the 
enlarging lens. 

To get sharp definition In the enlargement the require- 
ment is that 

tan Sj = M tan s 

where M is the degree of enlargement. 

in general this Is not consistent with the requirement that 
R* 4- 1 

tan Sj = ^ -tan s, 

and hence correct proportions and sharp definition without 
stopping down cannot be obtained together. 

They can be obtained together only in the special case 
where the focal length f of the enlarging is related to that 
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<rf the taking lens, f, by the formula F=fxM-^^/M^ — I, 
or alternatively the magnification M is given by the formula 


Thus if F =3 Inches, and f = 2 Inches 

then M =\/| = ^-34. When this Is the case the Image 

on the sloping enlarging board Is both correctly propor- 
tioned and In sharp focus, and the tilt required to give the 
correct proportioning In the way already described is {ust 
that required to give a sharp focus ali over the enlargement. 

A case of special praaical Importance Is that in which the 
same lens Is used for talcing the negative (in which case It is 
assumed to be focused for Infinity) and for producing the 
enlargement with a magnlficatfon M diameters. Then 
R = (M 4- I) and the ratio (R® -h 1) -f- (R^ — I) Is 
equal to (2Af* 4- 2Ai -f 1)4- (2M 4- I)* The general rule 
h that In this case the greater the degree of enlargement the 
sharper Is the enlargement when parallelism and correct 
proportioning are established, and the less the stopping 
down of the enlarging lens that is needed. 

A siinlfar type of conver;gence of perpendlailars is produced when a 
swin^in? back U used In the camera but the conditions of remedying ft 
In an are not die same. This case is of less importance than that 

lust dealt wkh. and lor details works specHkalty concerned with en- 
lar^g should be consulted. 

The methods, both the exact and approximate ones, 
which have been discussed in the pages above, have assumed 
that the distance from the nodal point of the enlarging lens 
to the negative, measured along the lens axis, has been 
related to the focal length of the lens f, by the formula 

d = (M 4- I) X F/M 

where d is the distance in question. There are two methods, 
the same In principle but differing In detail, which sacrifice 
this requirement and yet provide a reasonable standard 
of definition over the enlargement. The first is that in- 
volving the use of a tilting lens ; the second is that recently 
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Top : The degree of elongation or compression In an enlargaTtent wlien 
verticals are made paralid d^>en<^ essentia^ on tiie dist^iceD ^lown. 
Normally D is fixed by the degree of enlargement and ^ local lei^th 
of the ^larging lens. By using a tlkfng a third factor. Its Uit. is 
introduced and the pro^ value of D may be dios^. A tHUng 
proves an ampixocifnate, not an method of correcting the 

distortion (p. i28). 

Boarnn : Anoth^ approximate method Is that due to David Charks, 
^^caify it h the same as tfw tfhing km method in that the d^ance of 
the ne^tive from the km k varied lnd^>^entiy of the focal length 
of d»e tens and the degree of enlarganent. The variation, however. Is 
effected by sliding a tiked ne^tive, and the magnification is kept 
constant by sliding the enhirglng bestrd {p. 328). 

METHODS OF CORRECTING DISTORTION 
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described by David Charles. They are considered below 
in this order, but it is worth pointing out at this stage that 
they are both approximate methods only, and not exact 
In the sense of that term as used In the previous discussion. 

1. The angles involved In tilting the negative and 
enlarging board relative to one another depend on the 
original camera tilt, the focal length of the taking lens, and 
the distance of the nodal point of the enlarging lens from 
the negative. This latter may be measured along some 
arbitrary fixed line, not necessarily coinciding with the 
lens axis. The relative proportions when parallelism is 
established, depend only on the relative tilts and the camera 
tilt. If the enlargement is of the wrong proportions, either 
too compressed or too elongated, the distance of the lens 
from the negative is varied, the distance of the enlarger 
board is also changed to provide the same degree of en- 
largement without r^ard being taken for the moment to 
the standard of definition. The enlarging board tilt is 
varied again to ensure parallelism, and finally the lens Is 
tilted about its back nodal point, so that its axis lies along 
a line such as that shown dotted In the upper right diagram 
on p. 327. By such a tilt the distance of the nodal point 
from the negative, measured along the lens axis, is so adjusted 
that the definition is made feirly even over the whole of 
the enlargement. In the simplest case the enlarging board 
only is tilted, and the enlarging lens Is moved along a line 
at right-angles to the negative. In such a case the require- 
ment for there to be no elongation when parallelism is 
established is that the distance D shown in the upper dia- 
gram on p. 327, should be equal to the focal length of the 
taking lens. 

2. In the Charles method an adjustment is made, as 
shown in the lower diagrams on p. 327, so that parallel- 
ism is established and the definition made even all over the 
enlargement- The latter is then examined to see how Its 
proportions are, whether it Is elongated or not. In general 
the proportions will not be correct. In this case the negative 
is moved in one direction, for Instance as shown in the 
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lower right diagram on p. 327, and the enlarging board moved 
in the opposite direction. Notice that the poIntsPand Qabout 
which the negative and enlarging board may pivot remain 
in the same plane. In general It will be found that parallelism 
has been upset. This may be rectified by tilting either the 
enlarging board or the negative, or both. As a first approxi- 
mation it may not be necessary to perform any re-tilting, 
as the lack of parallelism introduced may not be noticeable. 
A certain amount of stopping down may be needed, as the 
method is essentially a brilliant approximation rather than 
an exact method of satisfying the laws of optics. 

Projection 

Although there are methods of making colour prints, 
up to the present the main trend of amateur cobur work 
has been to make colour transparencies and project them. 
This has been done especially where miniature work has 
been concerned, on 35 mm. film, where the introduction of 
projectors speciallydesignedto project a picture 24 x 36mm. 
has done a lot towards making it popular. These miniature 
projectors are much more compact and portable than the 
older lanterns taking 3J Inches x 3^ Inches slides, and this 
is a particularly important feature for amateur use. 

The principles of the operation of both full-size lanterns 
and miniature projectors are the same. The layout common 
to each is shown on p. 33 1 . 

Light from a bunched filament lamp, specially designed 
for this class of work, is collected by a mirror M and a con- 
denser C, and directed through the transparency T. It 1$ 
brought to a focus In the projeafon lerw P, or near this fens, 
and Is then brought to the Image on the screen S. The 
projection lens Is arranged so that It focuses the trans- 
parency sharply on the screen with the aid of the light whose 
path has been described. 

That is the bare outline of a projector. The successful 
working from an optical point of view depends on attention 
to details of the condenser and lens design, and in some cas^ 
to proper matching these two. 
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Brightness afthe Projection : Projection lenses have already 
been described on pages 144-150. so that the only thing 
to take up (s the Importance of the f/number of the pro- 
jectfon lens for the brightness of the projection. 

The best way of judging what wilt be the brightness of 
Illumination at any point on a screen Is to Imagine one’s 
eye looking from that position towards the sources of light 
Illuminating the screen. The light coming to the point 
depends on two things ; firstly the fraction of the visible 
area, as seen by the eye placed at the screen, that seems 
brightly lit, and secondly the Individual brightness of each 
of the llt-up areas seen by the eye. 

Now In the case of projection the Illumination on the 
screen Is derived solely from the projection lens. Hence, 
In view of what has just been said, the method of judging 
the brightness of the prelection Is to look from the screen 
to the prelection lens and see to what extent the full aperture 
of the ler« Is filled with light. 

The maximum iilumlnathn of the screen Is obtained when an 
eye placed at a point on the screen sees the whole of the lens 
aperture piled with light 

Consider the concrete case of a 4 Inch f4 projection lens, 
with a separation of 48 Inches between the lens and the screen, 
and consider only the Illumination In the centre of the screen. 
To a sufficient approximation this arrangement can be taken 
as meaning a ptaure on the screen eleven times the size of 
the tramparency. 

When the conder^er system Is designed to give the most 
effident Illumination an eye placed at the screen sees a disc 
of one Inch diameter filled with light. The illumination at 
that point Is the same as if an area of glowing filament I Inch 
In diameter were placed at the front of the lens, /.e., at a 
distance 48 Inches from the screen. 

If the lens Is of 6 Inch focus, still of aperture f4, and 
at a distance of 72 inches from the screen, the picture again 
will be eleven times the size of the transparency. Under 
conditions of maximum efficiency an eye placed at the screen 
now sees a disc of light 6 inches 4, /.e., I J Inches diameter. 
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In the most common type of small projector, one using a filament lamp, 
a rear reflector forms an Image of the filament In Its own plane, and the 
condenser forms an Image of these two In or near the projection lens, 
so that this Image fills most of the projection lens. To keep the con- 
denser diameter down the slide or film should be placed as near as 
possible to the condenser (p. 333). 



The beam of Ifrtt that comes from a point away from the l«fis axb or 
centre of the «Ide, and one which princes the Image of this potot on 
the screen. Is more restricted by the metal of the lens mount than the 
beam coming from the centre of the slide. As a result less light b traiw- 
mltted to form the Image of the non-central point and thb btter b not 
so bright as the image of a central point. The dbparity dMen<b to a 
certain extent on the design of the projection lens (p. 333). 



The fMaraent in a bmpjdeslgned for use In a projector lies in a f^ane. as 
shown in the diagramioii the Wt. The mirror at the rear forms an 
invef^ image of It In Its ownfpfane. When the rear reflector b 

properly adjusted tl» toment and Its Image are Interlaced, as shown on 

the right (p. 334). EJ.UMINATJON 
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The Illumination at that point is the same as if an area of 
glowing filament 4 inches diameter were placed 72 inches 
from the screen. 

The illumination produced at the screen- Is the same In 
both cases. In the second instance where a 6 Inch lens is 
used the larger diameter of the disc of light is offset and 
balanced exactly by Its greater distance from the screen. 

The conclusion can thus he stated : for a given degree of 
enlargement from transparency to projection, the maximum 
illumination on the screen depends only on the f/number of the 
lens, and not on the focal length. 

Increasing the f/numher from f4 tx> fS,6 means that the disc of light 
is smaller in the ratio of (4/5.6)*, /.e., j, and for f 8 It is smaller In the 
ratio (4-T-8)* = 1 (Areas are the significant features, not diameters). 
Thus, in the first case the Illumination Is reduced to half Its earlier 
value, and in the second case to one quarter of its previous value. This 
shows the importance lor a hr^ht projection of having a small f/number 
and a large aperture. 

If Inst^ of an ekven times enbrgement It had been a 14 times In- 
crease from tran^jarencY to projection the Intensity of the screen 
illumination would lave been reduced In the ratio (12 -r 15)*, /.e., to 
64 % of Its previous value. 

The other factor to be taken into account is the brightness of 
the disc of light seen by the eye. It Is a familiar fact that as a 
higher voltage is put through a lamp the filament seems 
brighter. It starts from a dull red colour, through cherry 
red to a bright glowing wire, and after this although no 
colour change Is seen ft seems to glow more intensely as It 
Is over-run. It Is Jt^t this subjective brightness that Is 
referred to as governing the intensity of the projection. 

The Important fact Is that the disc of light seen by the 
eye at the screen can In no circumstances appear brighter 
than the filament from which the light Is derived. 

Therefore, if the lens aperture is fixed and it is required to 
increa^ the screen illumination, the only thing to do is to 
increase the brightness, or “ intrinsic luminosity ** of the lamp 
filament, so that it will in turn increase the brightness of the 
light disc seen by the eye. 

Modern projection lamps are run at voltages from 50 to 
250 volts, and up to about 500 watts current consumption. 
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They give what is about the maximum filament brightness 
compatible with a reasonable filament life. In special 
cases the brightness can be Increased by over-running 
the lamp, but this Is not advisable except as an emergency 
measure. If a higher Intrinsic luminosity is needed an arc 
must be used. 

Even in the ideal case, where an eye placed at the centre 
of the projection would see the whole of the projection lens 
filled with light, the Illumination falls off from the centre to 
the edge of the projection. This is due to vignetting in the 
lens, and the way in which it comes about Is shown on p. 33f 
which illustrates how some of the rays that should reach 
the edge of the projected picture are Intercepted by the lens 
mount. Such a falling off in intensity of marginal illumination 
is inevitable, but it can be reduced somewhat by a special 
design of lens, such as that used for some cin^-projectlon 
lenses having a short back focus. 

Lamp and Condenser Design: Theabove limitations are those 
which are found with even a perfealy efficient condenser 
system. To them must be added the effects of difficult^ 
with lamp and condenser design. 

The Ideal thing would be to have a light source <x>nslstlng 
of a small metal disc raised to white heat, and with the aid of 
condenser system to form an enlarged image of this In the 
projection lens, so that the whole of the aperture of this 
latter could be filled with light. 

An approximation is the zirconium arc developed in the U.S. during 
the war by Western Union. Another approximation is the Solid Source 
lamp also developed during the war by the Siemens Compony In Britain. 
Projectors embodying these new sources, of which the second is 
probably more Important, have not yet appeared on the market. Full 
advantage cannot be obtained from elthea* source exotic In profectors 
specifically designed to make erf it. 

In present practice the filament consists of a number of 
strands of closely coiled wire, all arranged In one plane, and 
having the shapes shown on p. 33 1 . The aim of the condenser 
system Is to form an enlarged Image of this in the projection 
lens. 

To Increase the efficiency of the system the lamp filament 
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is placed at the centre of a concave mirror which produces 
an Inverted Image of the filament In Its own plane, the Image 
being Interlaced with the filament as shown by the lighter 
lines on p. 331. 

One of the projection ad}irstments to be examined, If there Is any 
doubt about the efficiency of the Illumination, Is the correct alignment 
of mirror and lamp filament. There are two Images formed by the pro- 
jector optical system, one of the filament Itself, and the other of the 
filament Image as formed by the concave mirror. They can be distin- 
guished from one another by the lower Intensity of the Image of the 
filament as reflected by the concave mirror. With filament and mirror 
correaly aligned the Images are the same size and Interlace as shown 
<m p. 331. 

In most profectors It Is a simple job to adjust the mirror to the 
correct position, and as a rule adjusting screws are provided for this 
purpose. In others arrangements are made whereby slight adjustments 
of the lamp can be made to ensure correct alignment. 

The two Images of the filament, he., the Image of the filament Itself and 
of Its Image produoxJ by the reflector, can usually be seen quite easily 
by running the projector with no slide In and stretching a fine handker- 
cn^ across the fremt of the projection lens. Alternatively the Images 
can be focused on the projection screen vdth a weak supplementary 
lens. In many cases such a lem Is supplied with the projector. The 
focal lengdi of the supplementary fens Is not critical and a 2 diopter 
spectacle lens will serve very well on the n»forlty of occasions. 

An enlarged Image of the filament Is formed In or near 
the projection lens by the condenser system. The problem 
to be faced In doing this is to keep down the spherical 
aberration of the system. Various types of condenser have 
been adof^ed for this purpose. The orthodox lantern slide 
type conshts of two plano-convex lenses with their convex 
surfaces fedng one another as shown on p, 335. A more 
recent form of three glass condenser as used especially In 
miniature work fs also shown on p. 335. 

It Is mainly the spherical aberration of the condenser that 
fixes the wattage of the lamp to be used In normal projection 
work, apart, of a>urse, from the considerations of lens 
aperture and degree of enlargement that have already been 
dealt with. 

Suppose for example that the femp filament, of the shape shown on 
p. 33 1, can be endos^ in a square J inch by J Inch, that the front of the 
projection lens has an aperture of 1^ Inches, and that the image of the 
filament formed by the condenser system Is to fill the projection lens 
aperture. The image formed by the condenser is thus to be six times 
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Left top : The ortho- 
dox condenser system 
for slide projection 
consists of two w^uai 
plano-convex glasses 
with their convex 
faces next to one 
another (p. 333). 

Centre : A better cor- 
rection for spherical 
aberration isobtained 
In some modern mini- 
ature slide projectors 
by using three glasses. 
This results lnanK>re 
efficient condenser 
system and the lamp 
wattage can be re- 
duced compared with 
that needed for the 
same projection 
brightness when the 
carlierform described 
above Is used(p. 333). 

Lower: Akematively 
the condenser’s sph^ 
rial abcrrationcan be 
considerably reduced 
by using non^herkai 
surfaces, and again a 
particulariy effeent 
condenser system is 
produced (p. 333). 


For certain 16 mm. projectors a tiK^^ptex fo ™, 
system is sometimes adopted, as In the ib mm. profectw (p. 3^ 
(Note that the diagram is not drawn to scale afwJ snows the general 
arrangement only.) 

PROJECTCH^ CONDENSea SYSTEMS 



the size of the original. With a reasonable distance from condenser 
to the front of the lens this means a short focus condenser, and one with 
rather deep curves on the glasses. Quite considerable aberrations are 
present in such a form of condenser and may make the illumination 
quite uneven, producing the characteristic effect of a dark ring in the 
field. 

The orthodox method of making the illumination more even in a case 
of that type is to use a longer focus condenser, producing a smaller degree 
of enlargement of the filament, and a larger filament, so that the size 
of the filament image is the same as before. Such a filament naturally 
consumes more current than the smaller filament and produces the same 
illumination as the smaller filament. 

The three lens condenser as shown on p. 335 uses shallower 
curves than the two glass condenser, and as a result the 
aberrations are smaller. A shorter focus condenser can be 
used and a more efficient Illumination system produced. 

Another type of condenser Is the non-spherical condenser 
used In a Neokon projector made In Germany, and shown on 
p. 335. With the non-spherical form the aberrations can 
be controlled very car^ully, and a surprisingly bright 
projection obtained with a low current consumption. 

At the present time there are few, if any, miniature 
projectors on the English market using non-spherlcal 
condensers. A non-spherlcal condenser is used in the 
American Vlewlex projector. 

The condenser systems of 35 mm. projectors for cinemas 
are outside the scope of this book. For 8 and 16 mm. pro- 
jectors condenser systems may be used of a similar type to 
these just described. More complex systems are often re- 
quired, hovyever, to allow a reasonable separation between 
the lamp and film gate so that the film transport mechanism 
may be Introduced into the projeaor. A particularly effi- 
cient system, employing an aspheric condenser, is that 
adopted in the B.T.H. 16 mm. projector and shown on 
p. 335. The filament FF of the projection lamp is imaged by 
the heat-resisting condenser Cl and the aspheric condenser 
Cl on the bi-con vex lens C3. C3 in turn Images the con- 
denser Cl on C4 which is next to the film gate as shown. 
C4 Images the lens C3 In the entrance pupil of the projection 
lens L The light-gathering efficiency of the system depends 
on the use of the aspheric condenser Q. The latter must 
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have a good surface finish and be free from Internal defects 
since it is imaged near the plane of the film. 

Testing Projectors : In testing out an actual projector the 
best v/ay Is to place an empty slide holder In the projector 
and focus on the edges of this. The quality of the screen 
illumination is then Immediately evident. 

If the Illumination is much brighter in the centre of the 
field than at the edge of the field, and if in particular there Is 
strong vignetting at the edge of the picture frame, the lamp 
filament Is too far from the condenser. 

If an out of focus image of the filament Is formed on the 
projection screen the filament Is much too near the condenser. 

If there is a dark ring on the screen the filament is again 
too near the condenser. 

The thing to do Is to balance the filament position so that 
there is neither vignetting nor the formation of a dark ring. 
When this Is realised the filament is correaly adjusted as 
far as its distance from the condenser Is concerned. 

If the illumination at top or bottom, or on either side 
is uneven the filament is either too high or too low, or 
displaced to one side. If the Illumination at the top of the 
projection is poor the filament Is too high. If the Illumination 
at the bottom Is poor the filament Is too low, and so on. 

The adjustment of the mirror has already been dealt with 
on page 334. 

It usually happens that a variety of lenses of different 
focal lengths can be used In a projector with the same 
condenser system, but for most efficient use it is preferable 
and advisable to use a different condenser when there Is an 
appreciable difference In focal length of the projection lenses 
used. In the case of miniature projectors using three glass 
condensers this variation of the condenser focus Is effected 
by using a weaker equi-convex lens for projection lenses of 
longer focal length. In the case of the two lens condenser a 
new system has to be used as a rule. 

Film Viewers 

Negatives of the standard miniature size, /.e., 2.4 x 3.6 cm., 
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or negatives taken on film with a smaller picture area, such 
as micro-film records on 35 mm. film, have to be^eniarged 
and magnified before they can be examined with ease and 
comfort. An arrangement for viewing such small negatives 
in comfort Is a “ film viewer.*' 

Film viewers can be divided Into two classes, namely, 
those In which an enlarged Image of the negative Is projected 
on a screen, and those where It Is perceived through a lens. 

A film viewer In which an enlarged Image Is thrown on a 
screen Is Identical In performance and Intention with an 
enlarger, differing In only one or two minor points. 

In the first place, a film viewer Is commonly used In a 
lighted room and therefore the screen on which the projec- 
tion Is thrown should be well shaded. Also the brightness 
of the projection Is apt to be greater Importance than In 
an enlarger, without quite such critical standards placed 
upon its quality of definition. It Is therefore preferable to 
use a lens of moderately wide aperture, say f2.8 or f3. 

In the second place it may happen that the Image Is thrown 
on a ground glass screen through which It Is viewed. There 
is of course a reversal from left to right In this case, a matter 
which Is either of slight Importance or can be remedied by 
putting the negative In the viewer the reverse way round 
to that In which It Is put In a projeaor or enlarger. What Is 
of more Importance Is a feature sometimes found with this 
Instrument, namely, that either the ground glass Is rather 
dense, giving an Image that Is rather dull but evenly Illumin- 
ated right Into the corners the negative, or else It Is too 
thin and gives a brighter Image but one In which the centre Is 
much brighter than the corners and in which It may be 
necessary to move one’s head to the side to see the Image 
at the edges and corner of the screen sufficiently brightly. 

In this second case the trouble can be alleviated somewhat, 
without decreasing the brightness of the Image, when the 
projected picture Is, say, less than 6 Inches from corner to 
corner diagonally, by using a condenser such as Is mounted 
in a condenser-type enlarger, or In some projectors. It acts 
In exactly the same way as the lens placed on the ground 
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Top left. : The essential features of a film reader of the {^rojectkm type. 
They comprise a lamp A, a condenser B with the film Immediatefy 
In front of it, a projection lens C, and a reading board D. TTiis latter is 
shielded from stray light by the box4ike structure round three sides 
of It. The similarity to an enlarger will be apparent (p. 338). 

Top right : By turning the reader just described on to its side, and by 
using a translucent screen in place of a reading board, a new form Is 
obtained which it is sometimes more convenient to use. With this form 
the evenness of the Illumination can often be improved by mounting 
a condenser lens D against the screen as shown. 

Bottom right ; The simplest type of viewing, as distinct from projection, 
film reader consists of a holder for the slide or film and a magnifyhTg 
glass. Occasionally a condenser lens and difiusing glass are mounted 
behind the film to even up the illumination. For prolonged use tl^ 
projection type induces less fatigue (p. 337). 

Bottom centre : One of the difficulties to be overcome in using both eyes 
with a viewing type of reader. Is that the eyes have to converge unduly 
with the simplest type of apparatus, and there Is too much strain for 
continued use. The way in which the eyes have to converge is shown 
in the diagram (p. 341). 

Bottom left : The fteki Ykmng screen Is equlvsdent to a lens the out- 
line of which is shown dotted (p. 340). 

FILM READERS AND VIEWERS 
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glass in a “ brilliant view-finder (see page296). Theshorter 
the focal length of the condenser the more efficient It Is, 
within limits. In bringing up the brightness of the edges and 
corners of the projection. The aberrations of the condenser 
set a limit on the shortness of the focal length, and the 
minimum value that is useful Is about to 3 times the 
diameter of the condenser. 

A more satisfactory v/ay of obtaining an even illumination in a viewer 
of this type (or in a reflex camera where the problem is to obtain a 
picture of even brightness on the focusing screen) Is to use a field 
viewing screen. The basic form of this is shown on p, 339. It can be 
regarded as a lens in which successive parts of the convex surface have 
been moved back nearer to the plane surface. These elements retain 
their power to bend light in a suitable way, but their new positions 
mean that the bulk of the lens is considerably reduced. In actual practice 
the curvatures on the faces of successive elements are neglected and 
the latter are made small, about *005 Inches wide or less. The screen is 
moulded from plastic, the die for the refraaing surface being cut by a 
tool following a spedd path and varying its inclination to the surface in a 
systematic way. By the use of this screen all the benefits of a deep 
collective lens may be gained with an over-all thickness of a few hun- 
dredths of an inch. The pitch of succeeding elements is so fine that the 
spiral pattern is not obtrusive at normal viewing distances. 

The arrangement of the second type of viewer Is shown 
on p. 339. A magnified Image Is viewed through the lens. 
The degree of enlargement need not be great. For all practi- 
cal purposes a magnification of2| x to 3 xis quite sufficient. 
This means that the focal length of the magnifying lens should 
be from about 3| Indies to 4| Inches or about + 1 0 to + 14 
diopters. The shorter the focal length the greater the magni- 
fication the lens produces ; an approximate formula Is 
magnification = 10 ~ (focal length), where the focal length 
is measured In Inches, or magnification = (Power in 
diopters) -r 4. 

The shape of the magnifying lens Is of importance. The 
lens tends to suffer especially from astigmatism, and the 
ratios of the curves have to be chosen to reduce this to a 
minimum. The exact shape is not critical In the way that the 
shape of a glass In a photographic lens Is determined within 
very close limits. The preferable form Is a meniscus lens as 
shown on p. 335, with the concave surface towards the eye. 
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Falling such a form, the next best thing Is a plano-convex 
lens with the plane side towards the eye. Either type 
described Is greatly to be preferred to the ordinary type of 
magnifying glass, which Is simply an equi-convex lens, having 
rather pronounced astigmatism 

It has been implicit In what has been said above that only 
one eye has been used In lookingatthe transparency or print 
that Is being examined. It Is possible to use two magnifying 
glasses, one in front of each eye, to look at a single print, 
but this as a rule involves considerable eye-strain. 

The difficulty Is due to the fact that there are two adjust- 
ments of the eye that have to be taken Into account, and 
which cannot be carried out Independently except under 
conditions of strain. These two adjustments are “ accommo- 
dation ” and “ convergence.” The adjustment by which the 
eye Is refocused when the object of Its attention moves from 
a great distance to a near position is the ” accommodation ” 
of the eye. Muscles In the eyeball change the shape of a 
flexible lens, and so change its focal length to the extent 
needed to focus any particular object upon the retinz. With 
normal sight the limiting distance with which the eye can 
deal In this way Is about ten Inches. The change of focal 
length of the eye cannot be carried to such a stage that any 
object nearer than 10 Inches can be sharply focused. 

The adjustment by which the two eyes look at the same 
objea Is the “ convergence ” of the two eyes. When one 
is looking at a distant object the two eyes are looking 
straight ahead. When the object moves up to a much smaller 
distance one cannot still look at It with both eyes if they are 
looking straight ahead. They must turn In towardsonc 
another, /.e., they must convoke. 

Although optically these two adjustments are Inde- 
pendent, In praalce they are linked together automatically, 
so that when the convergence is suitable for an object 
distance of three feet, the accommodation Is also adjusted, 
to ensure an object at three feet is in sharp focus. Quite a 
considerable effort, with resulting eye-strain, Is needed 
In practice to break down this automatic linkage, 
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Now if one looks at a transparency through two lenses 
as shown on p. 339 the accommodation of the eye is adjusted 
for an object distance of from 10 Inches to Infinity. But the 
convergence Is adjusted for 3|-4J inches. 

Hence to get strain-free binocular vision with a single 
transparency In the viewer requires a rather complicated 
apparatus that Is hardly worth while. One very soon gets 
used to looking at transparencies with one eye. 

A final point that should be mentioned Is the question of 
Illumination In direct vision viewers. As a rule a piece of 
ground glass is placed behind the transparency. This scatters 
light incident on It and sends It through the transparency, 
through the magnifying lens, and to the eye. To get the best 
Illumination with this means pointing the viewer towards a 
bright light source so that the ground glass Is evenly Illu- 
minated. This gives quite satisfactory results as a rule. It 
breaks down occasionally when a rather dense colour 
transparency Is being examined, and In such a case an Im- 
provement can be effected by putting a condenser of about 
2J Inches focus behind the ground glass (p. 339). 

There is one point, of Interest rather than major impor- 
tance, that may be noted In a>nnealon with the use of film 
readers erf either type and colour film. It Is the effect 
of the cobur of the light used on the quality of the projected 
image. What this means In a film reader, is that 
if the light furnished by the lamp has a preponderance of 
red in Its nnake-up, then red hues In the projected image 
will be emphasised. Such Is the general effect obtained In all 
but exceptional cases. Contrasted with sunlight, or average 
outdoor light, the light supplied by the lamp Is decidedly 
biased to the red end of the spectrum. Hence, assuming 
that the film gives an exaa record of the colour distribution 
In the original scene taken by daylight, the projected image 
will be rather too red— whether this is noticeable or not 
depends on psychological factors. It can be remedied by 
putting a light blue filter between the lamp and condenser 
or between the condenser and the slide. 
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OPTICAL CALCULATIONS 


The treatment of optical matters In the foregoing pages 
has been cast, as far as possible. In a non-mathematical form. 
On occasions this limits the precision and completeness 
with which such topics may be discussed— a valid limitation, 
since this book is intended for photographers and does not 
claim to be a text-book of optical design. 

At the same time it may be of interest and value to con- 
sider a few topics In greater mathematical detail. It has 
been necessary to draw a line somewhere, and for this 
reason no account has been given of methods of calculating 
coma, astigmatism, distortion, or lateral chromatic aberra- 
tion, etc For further details of extra-axial calculations 
reference should be made to standard texts on optical 
design, a number of which are listed in the bibliography 
on p. 370. 

To the non-mathematIcal reader : It Is not at all necessary 
to master the contents of this chapter to understand the 
rest of the book. The results to which mathematical work 
leads have been summarised In the text in straight-forward 
language, and In a fiashion quite independent of the treat- 
ment now given. 

Calculation of Focal Length 

The fundamental equation for the refraction of a light ray at the 
surfrce separating two media of refractive indices N and b 

N. Sin I = Wi. Sin P ... (t), 

where I and are the angles whkh the ray makes with the nonml 
to the surface at the point where It n^sets the sur^ce. 

Now consider a ray of light travelling from teft to right, 2 s shown 
In the diagram on p. 345, and encoimta'ing a refracting sur^ce of radli» r. 
r is reckoned as positive when ft is convex towards the incident light, 
negative when it is concave towanfc the light. Before rdractkm the ray 
Is directed towards a point distant i from the vertex of the refracting 
surface, and makes an angle u with the axis of the optical system (Le., 
the line on which lie the centres of the spherical stir^ces bc^nding the 
refracting materkb used in the lens. Only sf^i^icai refracting surfaces 
wiM be consk^ned). I b reckexted m positive when the point X shown 
in the dhgram ties to the right of tte vertex of the surhure^and u is 
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reckoned as positive when the ray Is sloping towards the axis as shown 
In the diagram. After refraction the ray is described by analogous 
numbers and u\ 

it Is easily seen from the diagram that the angle / between the normal 
(in this case the radius of the sphere through the point of Intersection) 
and the ray, before refraction, is given by 


sin i^J— I. SInu ... 

... 

... 

(2). 

After refraction it Is given by 




sin ^ Sin u* ... 

... 

... 

(3). 


By making use of the relation (i + u) = (/^ 4- u^) It is possible 
to obtain the quantities relating to the ray after refraction, from those 
relating to the ray before refraction and the radius of the refract- 
ing surface, as well as the refractive indices across the surface. In this 
way a ray may be traced through a lens, provided that it lies Initially 
In a plane through the lens axis. 

A ray traced In this way shows the existence of aberrations, and In 
fact such ray tracing is used to determine what aberrations are present 
over and ab^ve the first order aberrations (see pp. 10 1-103). The focal 
length of a lens, and the properties of the nodal points are bound up 
with the notion of a perfect lens, I.e., one that is free from aberrations. 
Such a lens is a limiting case of an actual lens In the event of Its field 
and aperture being severely restricted. From the mathematical point 
of view the procedure equivalent to using a lens under these conditions 
Is to take the limiting values of sines and tangents of angles when these 
are small, namely to equate sines and tangents to angles In radian 
measure. At the same time the refracting surface Is taken to deviate 
by only a second order amount from the tangent plane at its vertex. 

Und«- these conditions we may change the notation somewhat, and 
denote the quantity fbrnrerly labelled I by s. The analogous quantity 
after refraction is sK Denote the height above the lens axis at which 
the ray encounters the refracting surface as h (for this purpose the 
surface h taken to coincide with its vertex tangent plane), and let the 
distance between the r— th and (r 4- l)th ssirf^es, measured along the 
kfis axis, be t(r). Then the ftindamental equations may be written : 
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(4a). 


/.(r+I) = h(r). (4b). 

s(r + I) = s*(r) - t(r) (4c). 


By using these equations one may draw up a schedule of calculations 
to work out the focal length of a lens given Its curve radii and other 
relevant data. The quantity Q defined above may be called the Abbe 
fnvariant. 

For purposes of calculation take a nominal value of 1.000 as the value 
of h on the first surface, and take the value of s on the first surface as 
CO , noting that I -^00 Is zero. For any surface In the lens the calculations 
then^run : 
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The path of a ray of light through a lens Is traced by relating the 
distance and the angle after refraction, to the distance / and the 
angle u before refraction. The Index of refraction Is taken to be N 
before refraction, and after refraction. The value of u for the 
(n + I )th surface is for the (/))th surface, and / Is — t (n). This gives 
the exact path and is free from approximations when the exact law of 
refraction, /.e., N Sin i = Sin Is used (p. 344). 


Hi\) NO) N(S)N(6) N(4j N(6) 



\/ \ 

_ _ /// / 1 / 1 ! L 

R(nR(2)R3)Rf4) R(5)R(6)R(7) R{|)R{2)R(3) R«4#RlSSRf6)RCD 


The diagrams show (left) a Tessar lens as ft Is normally with 
parallel light incident on the outside surface of the single ghss, and 
(right) the same lens reversed so that {xu^Uel light first ^jcounters a 
surface of the cemented doublet. The quantities M, R, and t ttmt are 
used In calculating the focal length, as explained in the text, are shown, 
for the two cases of the lens the right way round and revised i^k to 
front (pp. 346-349). 


CALCULATION OF FOCAL LENGTH 
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1 . Write down the value of the radius, taking note as explained above 
as to whether It Is positive or negative. 

2. Take I -r the radius. 

3. Write down the value of s at this surfece. 

4. Take f ~ s. 

5. Subtract 4. from 2. 

6. Write down the value of N. he., the refractive Index of the medium 
In which the ray Is travelling before refraction. 

7. Multiply 5. by 6. This gives the value of Q. 

8. Write down the value of I.e., the refractive Index after refrac- 
tion. 

9. Divide 7. by 8. 

10. Subtract 9. from 2. 

1 1. Take I — 10. This gives the value ofs\ 

12. Write down the separation between this surface and the follow- 
ing surface. 

13. Subtract 12. from 1 1. TTils gives the value of s to be used In the 
calculations for the next surface at stage 3, 

14. Take the value of h for the preceding surface, and multiply It 
by s for the current surhce, 

15. Divide 14. by s\ I.e., li, for the preceding surface. This gives h 
for the current surfece. When the current surface is the first 
the steps 13 and 14 are omitted, and the nominal value 1 .000 writ- 
ten down for 15. 

To get the focal length F of the lens divide the value of s’ at the last 
surface of the lens by the value of h on that surface. The back focus of 
the lens is the value of s’ at the last surface. The distance of the rear 
nodal point. Inside the lens from the last surface. Is the equivalent focal 
length minus the back focus. 

M a check It Is advisable to make a calculation with the lens turned 
round, so that light from infinity enters the glass that, in actual use. Is at 
the rear of the lens. Special care must be taken in this case to note that 
the proper signs arc given to the radii. The focal length of this reversed 
lens should be the same as the lens the proper way round. The difference 
between the equivalent focal l^gth and the value of on the last 
surhce. In this case, gives the potion of the front nodal point, when 
the lens te used the r^ht way round. 

As an example the calculation of the focal length of a lens of Tessar 
form b given In detail on p. 347. The lens is shown in the 
diagram on p. 345, and has the following characteristics (note that the 
refractive index of air is equal to 1,000 and Is not explicitly stated as a 
rule when the data are given, although It is used in the calculation). 

LENS RJCHT WAY ROUND. 

R(l) -f .3210; R(2) OO* ; R(3) - .7110 ; R(4) -f Ji880 ; R(5)0O; 
R(6) + .2850 ; R(7) ~ .4720. 

t(l) .046 ; t(2) .054 ; t(3) .037 ; t(4) .067 ; t(5) .015 ; t(6) .080. 
N(l) 1.6072 N{3) 1.5760 N(5) I.S265 ; N(6) 1.6238. 

*00 meaitt that th« surface h flat. 

As explained above the negative sign means that the surface Is con- 
cave to the incident light, supposed travelling from left to right. 
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TESSAR LENS.— (RIGHT WAY ROUND) 


SURFACE 

1. 

2. 

3. 

4. 

5. 


6. 

7. 


+ .3210 

00 

- .7110 

+ .2880 

00 

+ 

.28.‘^0 - 

.4720 

a ) ... 

+ 3.115 

0.0 

- 1.406 

+ 3.472 

0.0 

+ 

3.509 - 

2.119 

(3) ... 

00 

+ .8036 

+ .4460 

+ 1.063 

- 2.001 

— 

3.068 - 

10.38 

H ) ... 

0.0 

+ 1.244 

+ 2.242 

+ .9407 

- .500 

- 

.326 - 

.096 

(5) ... 

+ 3.115 

- 1.244 

-3.648 

+ 2.531 

+ .500 

+ 

3.835 - 

2.023 

kl - 

1.0 

1.6072 

1.0 

1.5760 

1.0 


1.5265 

1.6238 

(7) ... 
® - 

+ 3.115 

-2.000 

- 3.648 

+ 3.989 

+ .500 

+ 

5.854 - 

3.285 

1.6072 

1.0 

1.5760 

1.0 

1.5265 


1.6238 

1.0 

(9) ... 

+ 1.938 

-2.000 

-2.315 

+ 3.989 

+ .328 

+ 

3.606 - 

3,285 

iO ) ... 

+ 1.177 

+ 2.000 

+ .909 

- .517 

- .328 

_ 

.097 + 

1.166 

(11) ... 

+ .8496 

+ .5000 

+ 1.100 

- 1.934 

- 3.053 

— 

10.30 + 

.8574 

('Ill ;;; 

.046 

.054 

.037 

.067 

.015 


.080 

+ .8036 

4 .4460 

1.063 

-2.001 

-3.068 

- 

10.38 


(14) ... 


+ .8036 

+ .4219 

+ .8968 

- 1.632 


2.588 - 

8.799 

(15) ... 

1.000 

.9459 

.8437 

.8155 

.8438 


.8477 

.8541 


The equivalent focus of the lens Is .8574 -r .8541 = 1.004 inches ; 
the back focus Is .8574 inch ; and the rear nodal point Is inside the 
lens, a distance 1.004 — .857 = .147 inch from the back glass. 

For purposes of subsequent calculation it will be sufficiently accurate 
to take the equivalent focal length of this lens as 1.000 Inch. 

TESSAR LENS.— (REVERSED BACK TO FRONT) 


SURFACE 

1. 

2. 

3. 

4. 

5. 

6, 

7. 

{!) ... 

+ .4720 

- .2850 

00 

- .2880 

+ .71 10 

00 

- .3210 

(2) ... 

+ 2.119 

-3.509 

0.0 

- 3.472 

+ 1.406 

0 

-3.115 

(3) ... 

00 

+ 1.149 

+ .855 

+ .493 

+ 55.51 

- 1.333 

-2.188 

(4) ... 

0 

+ .871 

+ 1.170 

+ Z028 

+ .018 

- .750 

- .457 

W - 

+ 2.119 

-4.380 

- 1.(70 

- 5.500 

+ 1.388 

+ .750 

- 2.658 


1.0 

1.6238 

1.5265 

I.O 

1. 5760 

1.0 

1.6072 

(7) ... 

+ ZII9 

-7.112 

- 1.785 

- 5.500 

+ 2.188 

+ .750 

-4.270 

(8) ... 

1.6238 

1.5265 

i.O 

1.5760 

1.0 

1.6072 

1,0 

(9) ... 

+ 1.305 

-4.659 

- I.78S 

- 3.490 

+ Z188 

+ .467 

-4270 

(10) ... 

+ .814 

+ 1,150 

+ 1.785 

+ .018 

- jm 

- .467 

+ 1,155 

(H) ... 

+ 1.229 

+ .870 

+ .560 

+55J55 

- IJt79 

-ZI42 

+ .8678 

(12) ... 

.060 

.015 

.067 

.037 

.054 

.046 


(13) ... 

+ 1.149 

+ .855 

+ .493 

+55.51 

- 1.333 

-Z188 


(14) ... 


+ 1.149 

+ .7998+ .4531 

+ 44.92 

- 1.078 

- 1.845 

(isS ... 

1.000 

.9353 

.9193 

.8092 

.8086 

.84% 

.8612 


The equivalent focal length Is *8678 — .8612 = 1.007 inches ; the 
back focus of the reversed lens Is .865^ or .868 inch ; and the nodal 
point, he., the front nodal point when the lens Is the right way round. 
Is l.0C^ — .868 = .140 Inch behind the front glass, 
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LENS REVERSED 

When the lens is turned round the formula for it becomes : 

R(I) + .4720 ; R(2) - .2850 ; R(3)00; R(4) - .2880 ; R(5) + .71 10 ; 
R(6)oo; R(/) - .3210. 

t(I) .080 ; t(2) .015 ; t(3) .067 ; t(4) .037 ; t(5) .054 ; t(6) .046. 
N(i) f.6238 ; N(2) 1.5265 ; N(4) 1.5760 ; N(6) 1.6072. 


The calculation scheme just given is not as elegant as some that have 
been proposed, but It Is of considerable practical use, and by using a 
suitable slide rule (for instance one of the Ot/s King pattern), or 4-figure 
logarithms, the focal length of the average lens may be quickly worked 
out with an accuracy of about i%. 

The values obtained for the focal lengths, 1.004 Inches and 1.007 
Inches are in sufficiently close agreement for slide rule work. 


Axial Chromatic Aberration 

The theory of chromatic aberration as given In standard texts, as a 
rule, is applicable only to the case of two thin lenses in contact. Such a 
pair form, for example, a rather idealised telescope objective. The 
a>ndition for achromatism In the case of a thin lens, namely 

V' F ® 


means that not only are all rays brought to the same focus (to a first 
approximation, neglecting secondary spectrum) but also that the focal 
length is the same for all colours. In dealing with photographic lenses 
this thin lens theory Is not sufficiently accurate. 

in correcting axial chromatic aberration in a photographic lens the 
first aim is to bring all rays to a focus in the same point, for a given 
position of the object point, usually when this is at infinity (again we 
are r^ecting secontkry spectrum for the time being). The formulae 
and the computing scheme are then as foibws ; 

Cairy through the calculation given for determining the focal l^gth 
on pp. 346-iv,or an analogotis calculation with a required value ofs 
on the first surface, if the tens is not to be used at infinity but with an 
ob}«it point at a finite distance. Note the value of Q and h on each 
surface. The calculation is carried out in the vast majority of cases 
with the refractive index of the material corresponding to sodium 
or helium yellow. If nothing is stated to the contrary this may quite 
safely be assumed. Now suppose that the refractive index of the 
material In which a ray Is travelling before refraction at a given surface 
has a value N for sodium yellow, Nc for hydrogen red, and Np for 
hydrogen blue light, then It has an Abbe number V given by 


V = 


N - I 
Np-Nc 


( 6 ). 


In the same way the material In which the ray is travelling after refraction 
has an Abbe number 
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Now form the quantities w and w* defined by 


-II , Ni- I 

N • V • ^ ~ • V‘ ■■■ 


... ( 7 ). 


and the differences — wfor each surface. Note that when the material 
In which the ray is travelling is air, then w = O. Write d for — w. 

At each surface form the product Q x h* X d, call It k. Add up all the 
Ic’s so obtained, taking due note of the sign of each, and denote the 
sum by K. The condition that hydrogen red and hydrogen blue light 
should come to the same focus, with a given position of the object 
point, for which the calculation of the Q*s and h’s has been carried out, 
is that K should be zero. 

The calculation of the /C’s for the Tessar lens described on p. 342, 
and for which the calculation of the Q*s, etc. has been carried out for 
the lens the right way round and reversed, is given below assuming 
that with the lens the right way round the glasses have T’s and w’s. 

V(\) 59.5 ; V(3) 41.3 ; V(S) 51.4 ; V(6) 56.9 

w(l) .00635; w(3) .00885 ; w(5) .00671 ; w(6) .00675 

and with the lens reversed 

V(l)56.9; V(2) 51.4; V(4) 41.3 ; V{6) 59.5 

w(l).00675; w (2) .00671 ; w(4) .00885 ; w(6) .00635. 


TESSAR LENS.— (RIGHT WAY ROUND) 


SURFACE 

1. 

2. 

3. 

4- 

5. 

6. 7. 

Q ... 

+3.115 

-xooo - 

3.648 

+ 3.989 

+ .500 

+ 5.854 -3.285 

h 

1.000 

.9459 

.8437 

.8155 

.8438 

.8477 .8541 

Q X h« 

+3.115 

- 1.788 - 

2.597 

+ X654 

+ .356 

+ 4.208 -2396 

w 

0.0 

.00635 

0.0 

.00885 

0.0 

J0067I .00675 


.00635 

0.0 

.(xms 

0.0 

.00671 

.00675 0.0 

d 

+ .00635 

-J)0635 + 

.00885 

- .00885 + .00671 

.00004 -.00675 

Qh» X d 

+ .01977 

+.01136 - 

.02298 

- .02348 + .00239 + .00017 +d)!6l7 


The sum of all the quantities k (k = Q x h* X d) Is + .00340. This 
is the quantity denoted by K in the text. 


TESSAR LENS.— (REVERSED, BACK TO FRONT) 


SURFACE 

1. 

2. 

3. 

4. 

5. 


6. 

7. 

Q 

+ 2.119 - 

7.112 

- 1.785 

-5300 

+ 2.188 

+ 

.750 

-4.270 

h 

1.000 

.9353 

.9193 

.8092 

.8086 


.84% 

J612 

Q X h« 

+ 2.119 - 

6.225 

- I.5I0 

- 3398 

+ r.429 

+ 

.533 

-3.165 

w 

0.0 

.00675 

.00671 

0.0 

.0088S 


0.0 

.00635 


.00675 

.00671 

0.0 

.00^ 

0.0 


.00635 

0.0 

d 

.00675 - 

.00004 

- .00671 

+ .008^ 

- .00885 + 

.00635 

- .00635 

Qh* X d 

+ .01430 + 

.00025 + .01013 

- xnm 

- .0126^ + 

.00338 + .02010 


The sum of all the quantities fc Is +.00367 « K. 
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It Is of particular Interest to examine the consequences of K not 
being equal to zero. If K Is positive the hydrogen blue light comes to a 
focus nearer the lens than the hydrogen red light, and the lens Is 
under-correct for axial chromatic aberration. If K Is negative the position 
is reversed and the lens is over-correct. In each case the separation 
between the foci for hydrogen blue and red light Is given by the formula 

Separation = fC ~ (focal length)* ... ... (8). 

Thus In the example of the Tessar given we have In each case, for the 
lens the right way round and for the lens reversed, a focal length of 
1 .000, and the square of the focal length is also 1 .000. Hence the separa- 
tion between the red and blue foci Is equal to the values of K given, 
namely with the lens the right way round the separation Is .0034 inch, 
and the blue Is nearer the lens, while when the lens Is turned round the 
separation is .0037 inch and the blue is again nearer the lens. 

If the refractive Index of any of the glasses used be Ne for light of a 
colour other than hydrogen red or blue, we can calculate a Vq and 
Wo for hydrogen red and this colour. The condition then that all light 
should come to the common focus of the blue and red light, supposing 
that K Is zero. Is that the new divided by the old V should be constant 
for every gla« used In the lens. This cannot be realised with existing 
glasses. The differential bending for blue and red light, the dispersion 
of ^e glass. Is greater for flint ^^es and increases at a disproportionate 
rate for th^ glasses as the blue end of the spectrum Is reached, com- 
pared with the rate of increase for the crown glass or barium flint 
types that are used for the converging elements in the composite lens. 
Hence there Is introduced the secondary spectrum. 

When the light of a particufer colour A does not come to the same 
focus as light of another cobur B, then In the absence of aberrations and 
supposing that the second light S comes to a focus on the sensitive 
material, there is produced a disc of light of the colour A, whose 
diameter varies directly as the aperture of the lens. 


Aberrations in General 

Take the z-axb of a rectangular co-ordinate system along the fens 
axis as shown in the diagram p. 351. Take the y-axis of co-ordinates 
through the object point P, and the x-axis at right angles to the other 
two axes. Then the pjosition of the object point in the object plane 
through P at right angles to the lens axis, has co-ordinates (O, Y). If we 
then consider the point In which a light ray starting from P cuts the 
corresponding image plane (defined on the assumption that the lens Is 
perfect), such a point may be defined by the co-ordinates (X\ Y^). 
If the lens were perfect any ray would meet the Image plane In the point 
(O, Yo). The deviation of the Intersection point from its ideal position 
is due to the aberrations present. 

To define more precisely the ray from the point P that is under 
consideration the following method is adopted ; Form the Image of the 
Iris diaphragm of the fens by all the refracting surfaces that lie between 
it and the object plane. In the case of photographic lenses this is a 
virtual image, as shown in the diagram, but this is not a factor of any 
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A ray of light may be specified, for the purposes of analytical treatment 
and the development of the Seidel aberrations, by specifying the co- 
ordinates (o, Y) of an object point, the co-ordinates (x, y) of the point 
In which It meets the entrance pupil of the lens (i.e. the image, which 
may be virtual as here shown, of the Iris diaphragm or stop in all the 
sui^Eaces between it and the object). The presence of aberrations is 
shown by the deviation of the emergent ray’s point of encounter with 
the Image plane, laving co-ordinates (X^, In this plane, from the 
Ideal image petition at (0, T») (p. 350). 



The correction of distortion in enlargers Is geometrically equivalent 
to dealing with the projection of a plane figure, such as PR, lying In a 
plane making an angle of (90 -f o) with a line PQ, upon a second plane 
making an angle of (90 — b) with PQ, the projection being a central 
projection through a point N lying on PQ. The prodi^km of the 
distorted figure in taking the pl^ure is a special case of this in which 
b is rero. In the treatment given in the text It is assumed that PNQ 
during enlarging coincides with NQ during taking, so defining PNQ 
In the enlarging stage. Normally It may be assumed that PNQ coincides 
with the axis cJ the enlarger, but fay using a tilting lens or the Charles 
method, this condltkm is dopart«i from (p. 358). 


ANALYSING ABERRATIONS AND CORRECTING DISTORTION 
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(mportance. Let the co-ordinates of any point in the plane of this 
Image be (x, y). The image of the iris diaphragm (i.e., the aperture 
stop of the lens) is the entrance pupil. Only those rays may go through 
the lens, that cut the plane of the entrance pupil in the region bounded 
by the image of the iris. Any ray from the point P is completely defined 
by stating the point (x, y) in the plane of the entrance pupil through 
which it goes. . , 

Then for the point In which a ray encounters the ideal image plane 
we can write 

X»= -^x.(x*+y*). A + xy. Yo. B.-^.x. Yo* (C + D) ... 
-{- higher powers. 

Y' - Y» = - ^y. (x‘ + y*). A + (x‘ + 3 y »). Y^. B - y. Yo* 
(3C + D) + ^* Yo*. E ... + higher powers. ... (9). 

The constant A represents the first order spherical aberration. 

,, „ B tt f> *» »* coma* 

„ „ C „ „ „ „ astigmatism. 

„ „ D „ „ field curvature. 

„ ^ B ft first order distortion. 

The t«Tm with higher pov^rers of Y, x, and y represent the effects of the 
higher wder abolitions. It is not often a profitable proposition to 
calculate them in detail. A certain amount of general sorting into types 
is, iKJwever, possible. Thus those terms which do not involve Yo are 
classed together as spherical aberration, or as axial spherical aberration 
to distinguish it from oblique spherical aberration : If we concentrate 
attention on an object point on the lens axis these are the only terms 
which enter into the equations (9) expressing the effects of the aberra- 
tions. Those terms which involve powers of Y only, represent a displace- 
ment of the image from Its ideal position without specifying anything 
about its quality : they constitute the distortion. In a photographic 
lens <mly the first order distortion is of Importance, In the majority 
of cases. Those tern» which do not involve powers of x and y higher 
tl^ the first constitute the higher order astigmatism terms : they 
represent the light distribution due to narrow bundles of light rays 
through the central region of the entrance pupil. 

If we concentrate attention on the first order aberrations there are 
a number of useful conclusions that we may give, relating to the varia- 
tion of the light patches as the fens is stopp^ down. 

I. SPHERICAL ABERRATION. If spherical aberration alone is present 
in a lens, A is the only non-zero constant. The rays through an annulus 
of the entrance pupil give a ring of light in the Image plane. The light 
patch is built up from contiguous light rings of this type. The radius 
of the light ring, corresponding to a zone of the entrance pupil, varies 
as thecube of the radius of the zone. Hence the diameter of the light 
patch varies as the cube of the iris diameter, and stopping the lens down 
fay one stop, /.e., reducing the iris diameter in the ratio 1 1 .4, reduces 

the diameter of the light patch in the ratio i -f 2.8. it is of importance 
to note that this only holds when the effects of higher order spherical 
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aberration are negligible. For photographic lenses this may be taken as 
implying that the rule holds fairly well for a lens stopped down by 
more than two stops from its maximum aperture. 

II. COMA. The rays of light through an annulus of the entrance pupil 
when coma is the only aberration present, namely when B is the only 
non-zero coefficient, form a ring of light in the image plane, whose 
centre is displaced from the ideal Image position through a distance 
equal to the diameter of the ring. The effect of the overlapping rings, 
from the zones that fill the lens aperture, is to produce the typical 
flaring coma shape. The diameter of a ring of light varies as the square 
of the radius of the zone of the entrance pupil, dirough which the light 
has come, and varies dirertly as the distance of the ideal image position 
from the lens axis. Stopping down the lens by one stop means that the 
light patch is reduced to one half Its previous size. Again these conclu- 
sions hold only when the higher order terms that are not classed 
under higher order spherical aberration or astignmtkm fthey are ustally 
classed as higher order coma or oblique spherical aoerration) con- 
tribute negligible effects. And again this holds only for a photographic 
lens when It is stopped down. 

iii. RELD CURVATURE. When D Is the only non-zero co-efficient 
in the equations (9) the lens suffers from field curvature. The patch of 
light in the In^e plane is circular, and concentric with the id^il Image 
position. Its diameter varies directly as the aperture of the lens, and 
as the square of the distance of the Image position from the lens axis. 
Reducing the lens aperture by one stop reduces the diameter of the 
light patch to 1 -r 1 .4 of its previous size. D is closely related to the 
Petzval sum P of the lens, a quantity of particular importance. The 
exact relation is that D = P -- F where F is the focal length of the lens. 
P is particularly easy to calculate, as It depends only on the glasses i«od 
in the lens and their radii, and not on their spacing and Widenesses, 
nor on the relative positions of obfect and Image. Its value is obtained 
in this way ; At »ch surface form the quantities u and u\ where 
u = (N — I) ~ N, and u^ = (N* — I) -i- NK and denote by v the 
difference u^ — u. Note that the sign of v depends on the way in which 
light Is supposed to travel through the lens, say from left to right. 
VVrth this in mind to determine the sign of I /r, form the product v x I /r, 
and call this p. Add together the contributions p from ail the surfaces 
in the lens, taking due note of the sign of each. Then the sum P is the 
Petzval sum. The calculation of P for the Tessar iens already dfscussed 
Is given below. 

When P, and hence £, is zero the patch shrinks to a point. When 
P is positive it will be found that the patch of light shrinks to a point ff 
the surface on which it is received is moved nearer the lens. The 
distance varies as the square of the distance of the image position from 
the lens axis. Hence the locus on which lie sharp image points corre- 
sponding to object points in the field of the lens Is a paraboloid oi 
revolution, or with sufficient accuracy the cap of a sphere, a>ncave 
to the lens. In this event there is un^r<orrect fkid curvature When 
P is negative the surfece is convex to the lem, and the field curvature 
is over-correct. 


M.O. — M 
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TESSAR LENS 


SUnfACE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

N ... 

I.O 

1.6072 

I.O 

1.5760 

1.0 

1.5265 

1.6238 

u 

0.0 

.3775 

0.0 

.3655 

0.0 

3450 

.3840 

N» ... 

1.6072 

I.O 

1.5760 

1.0 

1.5265 

1.6238 

i.O 

u» 

.3775 

0.0 

3655 

0.0 

.3450 

.3840 

0.0 

V 

+ .3775 

- .3775 

4 .3655 

- .3655 

+ .3450 

4 .0390 

- .3840 

l/r ... 

+ 3-Jr5 

0.0 

- 1.406 

+ 3.472 

0.0 

+ 3.509 

-2.119 

p 

+ 1. 176 

0.0 

- .514 

- 1369 

0.0 

+ .137 

+ .814 


P, the sum of the quantities p Is equal to + .344. 

Note that although the calculation has been made with the lens the 
right way round, the same value, with the same sign. Is obtained with 
the lens rcvers^. 

Iv. ASTIGMATISM. When C Is the only non-zero co-efficient the 
image patch Is an ellipse with the lengths of its axes in the ratio 3:1. 
The size of the dllpsc varies as the lens aperture and as the square of the 
distance of the Irrmge point from the lens axis. The variation is In fact 
Identkal with that for the case of field curvature. If the surfece on which 
the image Is received Is moved towards the lens, when C is positive, 
a position Is reached when the Image patch becomes a thin line along 
the y-axls of co-ordinates. On moving It from the ideal Image plane 
through a distance three times as great the patch becomes a short line 
pu^lel to the x-axIs. Each of these displacements varies as the square 
of the distance of the Ideal image position from the lens axis. Thus we 
have two sur&ces on which lie the astigmatic lines corresponding 
to object points in Uie field of the lens, eadi part of a sphere. When 
C is positive both surfaces are concave towai^ the lens ; when C Is 
negative both surfaces are convex towards the lens. 

Special int^^est attaches to cases where both C and D are non-zero. 

(a) When C 4- = 0 the image f»:tch becomes a short line along the 

y-asds, and the »irfice on i^krh lies such an astignmtic line, the 
sagittitl mrface» is ffet. The sur^e cm which lies the other astigmatic 
line,|»trat}d to the x-axi$, the tang^tial surface. Is curved in a direction 
dep^ing on die sign of P, since 3C -f D = — 2P In this case. With 
ordinary photographic lenses, other than telephotos, P Is positive and 
the tangential surface, in these circumstances. Is convex towards the 
lens. 

(b) Of greater practical Importance is the case where 3C -f D = 0. 
When this is so the image patch becomes a straight line parallel to the 
x-axis, and the tangential Reid is flat. 

(c) Still another possibility of interest is to make C 4- D = — (3C -{- D). 
In this event the light patch In the theoretical or Ideal Image plane Is 
circular, and the surfaces In which lie the sagittal and tangential astig- 
matic lines are equally curved, one concave to the lens, the other con- 
vex towards It. 
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If one considers the first order astigmatism and field curvature only 
it is evident that a flat field can be obtained when both C and D {and 
hence P) are zero together. When a field of any great extent is to be 
covered the first order theory is not of itself adequate to represent 
the lens performance. Higher order astigmatism terms have to be taken 
into account to describe the departure of the astigmatic surfaces from 
their simple first order form. In these circumstances it is not always 
advisable to make the Petzval sum too small : it must be chosen to 
give the best balance of first and higher order astigmatism over the 
whole field. 

V. DISTORTION. When £ is the only non-zero co-efficient the sole 
image defect is that it is displaced from its ideal position, by an amount 
that varies as the cube of the distance of the image point from the lens 
axis. It does not depend on the lens aperture and hence is not affected 
by stopping down the lens. The variation as the cube of the distance is 
responsible for the typical pin-cushion and barrel distortion shapes. 
Higher order distortion in photographic lenses is of importance only 
In survey lenses. 

Although the aberration formulae, as given in equations (9), do not 
show It explicitly, it must be borne In mind that the values of the co- 
efficients A to £ depend on the positions of the object and image relative 
to the lens. 

In any actual lens it is essential to balance aberrations to give the best 
possible definition over the whole area of the plate or film. With the 
present-day state of the mathematical theory underlying lens design, 
the design of a photographic lens is more an art than a sdence. 


Calculation of Spherical Aberration 

It is not possible within the compass of this book to dIsctJss the calcu- 
lation of off-axis aberrations, and the balancing of aberrations over the 
field covered. The case of spherical aberration Is however much simpler, 
and merits further consideration. 

It has been pointed out In the previous section that, in the presence 
of first order spherical aberration, an Image patch is produced whose 
diameter varies as the cube of the lens aperture. This may be put in a 
slightly different form : In the presence of first order spha*lcai aberra- 
tion rays of light through zones of the aperture, or entrance pupil, 
come to either progressivdy long^ or ^xxrtw fod as the radii of the 
zones areincrea^. The distance b^weoi iAm point where rays meet, 
that come through a particular zone, and the point wti«e the rays nucet 
that come through the central zones of tf^ lens aperOire, varies as the 
square of the zone radius. 

A constant defining the amount of this devladon, and one that Is 
closely related to the co-efficient A of the previous section, may be 
calculated In this way : Calculate the values of Q and h for each surface, 
as ^cplained on p. 344, taing the initial value of s corresponding to the 
distance of the object pc«nt in front of the lens. For normal taking 
lenses the calculation is carried out with the object point at infinity, 
and this will be assumed in working out the examples given below. 
At each surface form the quantities q and where q — (!/s) -r N, 
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and — (I /s^) Denote fay d the value of q — q^. At each surface 

form the quantity g, where 

g = {Qh*y X d (10). 

Add together the values of g contributed by all the surfaces In the lens, 
and denote their sum by G. 

If G is negative, the lens Is under<orrect for spherical aberration, 
and rays through successive zones of the aperture come to progressively 
shorter foci. When G Is positive the lens Is over<orrect and rays go to 
progressively longer foci. In either event the distance from the central 
focus of rays through the margin of the lens, /.e., those whose passage 
is iust permitted by the iris diaphragm, Is equal to the value of G 
multiplied by the fourth power of the focal length, divided byeighttimes 
The square of the f/number at which the lens is working. 


TESSAR LENS.— (RIGHT WAY ROUND) 


SURFACE. 

1. 

2. 


3- 

4. 


5. 

6. 

7. 

Q 

+ 3.115 

-iOOO 


3.648 

+ 3.989 

+ 

.500 

+ 5.854 

-3.285 

h 

1.000 

.9459 


.8437 

.8155 


.8438 

.8477 

.8541 

Oh* ... 

+ 3.1 15 

- 1.788 


2.597 

+ 2.654 

+ 

.356 

+ 4.208 

-2.396 

(Qh*)*... 

+ 9.7(S 

+ 3.198 

+ 

6.745 

+ 7.045 

+ 

.127 

+ 17.70 

+ 5.738 

l/» ... 

0.0 

+ i.244 

+ 

2.242 

+ .941 

_ 

.500 

- .326 

- .096 

N ... 

f.O 

1.6072 


1.0 

13760 


\J0 

1.5265 

1.6238 

q 

0.0 

+ .774 

+ 

2.242 

+ 397 

-- 

300 

- .214 

- .059 

l/t» ... 

+ I.I77 

+ 2.000 

+ 

.909 

- 317 

_ 

328 

- .097 

+ 1.166 

N* ... 

1.6072 

l.O 


13760 

LO 


13265 

1.6238 

1.0 

qi 

+ .732 

+ XOOO 

+ 

377 

- 317 

— 

.215 

- .060 

+ 1.166 

d 

~ .732 

- [.726 

+ 

1365 

+ I.II4 



JSS 

- .154 

— 1.225 

* 

-7.105 

-3.920 

+ 11^40 

+ 7350 


.036 

-2.725 

-7.020 


G, the sum of the g’s Is equal to — I.7I6. Note that the value of G 
is less than most of the Individual contributions g, and that Its value is 
due to a balancing of these individual terms. Since the <2*s, h’s etc., 
depend on the initial value of s on the first surface, the value of G will 
depend on the positions of the object and Image relative to the lens. 

The lens in question has a focal length of 1.000 inch. The fourth 
power of 1.000 Is equal to 1.000. If It is used at f/4.5, then 4.5 squared 
is equal to 20.25. Eight times 4.5 squared is 162. Hence, according to 
the formula given in the text. If the effects of higher order aberrations 
are negligible, the marginal rays focus nearer the lens than the central 
rays, by a distance 1.716 ~ 162 = .0106 inch. In a similar way the 
rays through the f/6.3 zone also focus nearer the lens than the central 
or paraxial rays, the distance between them being .0053 inch. 
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TESSAR LENS.— (REVERSED, BACK TO FRONT) 


SURFACE 

1. 

2. 

3. 


4. 

5. 


6. 

7. 

Q 

+ 2.119 

- 7.112 

1.785 


5.550 

+ 2.188 

+ 

.750 

- 4.270 

h 

1.000 

.9353 

.9193 


.8092 

.8086 


.8430 

.8612 

Qh* ... 

+ 2.1 19 

- 6.225 

- 1.510 

— 

3.598 

+ 1.429 

+ 

.533 

-3.165 

(Qh»)» 

+ 4.492 

+3.872 

+ 2.278 

+ 

12.96 

+ Z042 

+ 

.284 

+ 10.02 

l/$ ... 

0.0 

+ .871 

+ 1.170 

+ 

X028 

+ .018 

— 

.750 

- .457 

N 

1.0 

1.6238 

1.5265 


I.O 

13760 


I.O 

1.6072 


0.0 

+ .537 

+ .766 

+ 

2.028 

+ .oil 

— 

.750 

- .284 

1 /$* ... 

+ .814 

+ 1.150 

+ 1.785 

+ 

.018 

- .782 

__ 

.467 

+ 1.155 

N* 

1.6238 

1.5265 

1.0 


1.5760 

1.0 


1.6072 

1.0 

q' ... 

+ .501 

+ .753 

+ 1.785 

+ 

.Oil 

- .782 


.291 

+ 1.155 

d 

- .501 

- .216 

1.019 

+ 

2.017 

+ .793 

_ 

.459 

- 1.439 

£ 

-2.250 

-8.360 

-2.323 

+ 26.130 

+ 1.62D 


.130 

- 14.410 


G, the sum of the g*s for the lens used the wrong way round. Is thus 
-f .277. Note that by comparison with the lens the right way round, 
this new setting shows over-correct first order spherical aberration. 
Since higher order of spherical aberration abo introduces over- 
correction, there is produced an unfavourable light distribution and 
the central definition is soft. Such a variation has a bearing on the use 
of the lens in an enlarger. It Is not as a rule necessary to carry through 
the spherical aberration calculation with the lens turned round. 

The next order of spherical aberration may be calculated In a rather 
longer manner. As a rule, however, in order to balance the over- 
correction that is normally introduced wh«v the first order spherical 
aberration is approximately corrected, the amount of spherical aberra- 
tion is not calculated order by order. Rays are traced through the lens 
using the formula given on p. 344, so tlat one ray passes through the 
margin of the lens aperture, and the other goes through a zone of the 
aperture having a radius .7 of that through which goes the marginal 
ray. One convenient practice, when a lens is being designed, is to 
calculate the first order aberration for some particular form of the lens, 
and then calculate the positions in which the marginal and .7 zone rays 
cut the lens axis. A change in the first order aberration is then made, by 
varying the shapes of the individual lenses without affecting their powers, 
f.e., by “ bending ’* the lenses. Such a change, in the absence of higher 
order aberration, would move the marginal ray through a re<|uir»d 
distance. The zonal and marginal rays are then traced a^n to act as a 
check. When the under-correction of the zonal ray, and the over- 
correction of the marginal ray, are excessive for a {articular lens type, 
a rather complicated procedure must be f^Iovrwi to get them within 
reasonable bounds. If Indeed this should prove possible. 

One point of Impcxtance Is tJrat both the first and hlghw order 
spherical aberration depend on the colour of the light, since they 
depend on the refractive Indices of the passes, which in turn depend 

the colour or vavdength of th« light laed. The gweral tenderKy 
is towards over-correction of spherical aberra'don for blue light when 
die correction Is estaWished for fre«i or yeUow light For this reason 
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K of p. 349 is usually left slightly positive, so that the chromatic 
under-correction so Introduced helps to compensate the over-correct 
spherical aberration. 


Correction of Distortion 


The general ideas connected with the correction of distortion in 
enlargers have been discussed on pp. 317-328. What is considered here 
are the mathematical arguments leading to the results there quoted. 
It should be pointed out that the treatment now given is that which may 
be of value to normal photography, and not to the rectification of such 
things as aerial photographs where the problems to be solved are posed 
in somewhat more general terms. 

Since the correction of distortion Is considered for cases where the 
definition is not perfectly sharp, it is necessary to establish conventionally 
what we mean by the position of an un-sharp image. The convention 
now adopted differs from that defined on p. 120, and is this : From an 
object point, which may be on the negative to be enlarged, a line is 
drawn to the nodal point of the fens used. This defines one light ray. 
To it there corresponds a second, issuing from the other nodal point 
In a direction parallel to the first. The position of the image point 
or patch is the point in which this second ray or line cuts the image 
plane or enlarging board. The separation of the nodal points is not a 
factor of importance. To all intents we can consider the path of the 
ray as comprising two discrete parts, the first joining the object point to 
the first irodal point, and the second joining the image point to the 
second nodal point. Exactly the same Image pattern is obtained if we 
neglect the nodal point separation and consider the image as the central 
projection of the object, with the joint nodal point, N in the diagram 
on jp. 351 , as the centre of projection. 

Consider two planes through points P and Q, inclined at angles a 
and b to their square-on position as shown. The line PNQ may be, for 
instance, the axis a lens. Then we have to consider two ratios. The 
first is the ratio of the two lengths PR and QS, call it M( I ). The second 
is the ratio the l^gths of two lines through R and S at right angles 
to the pbne of the paper, cail it M(2), Denote by x the angle between 
RNS and PMQ, by £>{!) the distance RN, and by D{2) the distance NQ. 
Call PR 1(1), and QS 1(2). 


Then 


Ml 

Sin X 


D(t) 

Cos (a + x) 


... (II) 


Hence 


Tan X - (1(1). Cos 0 ) ~ (D{I) -f 1(1). Sin a) (12a). 

Similarly 

Tan X = (1(2). Cos b) ~ (0(1) - 1(2). Sin b) ... (12b). 


Eliminating Tan x from these equations gives the result 
1(2)= 1(1). 0(1). Cos a. -T-(0(l).Cosb + l(l)Sin(a + b))... (13). 
Now in taking a photograph with the camera tilted at an angle t to the 
horizontal, we have to put b — o and a — t. In this instance denote 



the dimensions previously represented by capitals, by lower case 
symbols. The numeral ( I ) refers to a vertical object being photographed 
and its distance from the lens nodal point, while (2) refers to its image 
on the sensitive material, and the distance of this from the nodal point. 

Then /(2)= i(l). d(2). Cost- (d(l) + /(!). Sint) (14). 

If now this negative is placed in an enlarger in whicn (1) refers to the 
negative and its slope, etc., while (2) refers to the enlarging board, 
we have to substitute the value of /(2) from (14) for L{\}\n (13). This 
gives 

L(2)= D(2). Cosfl. /(I). d(2). Cost -r (C + /(l). d(2), 

Cos t. Sin (a + b) ) (15). 

where 

C= D(l). Cost. (d(l) + l(l). Sint). 

Reverting to the magnifications M(l) and M(2) we can write 
A1(l) = L(2) L(l) 

M(2) = NS^NR==^ M(l). Cos b -r Cos o (16). 


Hence, if in the enlargement the distortion is to be renK>ved, it Is 
necessary that the denominator in (15) should be independent of 
/(I), i.e., the co-efficient of i(l) in the denominator must be zero. 

Thus the condition for parallelism of perpendiculars is 

Sin t. D(l ). Cos b. -f d(2). Cos t. Sin (a -j- b) = 0 


or neglecting sign 
Tan t = 


d(2) Sin (a b) 

D(l)' Cosb 
When this relation is established we have from (15) 
d(2) D(2) Cos 0 . Cost 

D(l)- 


L(2)= 1(1).-^ 


(IT). 


(18). 


■ </(l) • D(l) • 

Since there is now no convergence In the negative, we can write 

Mn\- ^ 

D(iy 

and If we put 1(2) 1(1) = A1(l). m(l), since L(l) = 1(2), we have 

Cos 0 . Cos t 


”P' - ii- 


M(I). m(l)= M(2). m(2). 


Cos b 


(19). 


The overall magnifications in the two directions at right angles differ 
by the factor i nvolving the cosines. If there is to be no elongation then 


Cos a. Cos t 
Cos b 


( 20 ). 


Similar formulae may be worked out for the case of a tilted cam« 
back. They differ only in detail. 

I n general the camera lens is focused on infinity and we can put 
d(2) = f, where f Is the focal length of the taking lens. 

If the negative is to be sharp all over we have the additional conditions 
to satisfy, that 

= f ; d( 2)= (M+ l).F;andTanh= MTano (21). 
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If in general we write D(2) -i- 0(1) = M, then we can summarise the 
conditions to be satisfied as : 

Parallelism: Tant = g^. — (22a). 

Proparthnality : Cos o. Cos t. — Cos b (22b). 

M + I 

Definition : Tan f> = M. Tan a and D(l) == — p|— . F ... (22c), 

Magnification : 0(2) = M x D(I) (22d). 

These equations bring out some points of interest. 

In the first place (22d,) Is not of particular importance. It does not 
constitute a limitation since the other equations do not depend on 
0^), and 0(2) can be adjusted to satisfy (22d) without affecting the 
fulfilment of other conditions. 

If all the equations (22a, b, c) are to be satisfied at the same time, 
there are definite requirements imposed on the focal length of the 
enlarging lens, or the magnification, requirements that have been de- 
scribed in the test. 

One point of importance to note is implied In Equations 14 and 15, 
namely that in taking all distances are measured along the lens axis, 
which meets the plate or film In a point P, and that in enlarging ail 
distances are measured along the line joining the point of projection and 
P. Normally this will coincide with the axis of the enlarging lens, and 
this In fact been assumed throughout, except when dealing with the 
Charles method or the tilting lens. While Introducing theoretical 
limitations it does not in fact introduce restrictions of great practical 
importance. 

The most Interesting results are obtained by fulfilling (22a and b) 
and naking a compromise for the best definition overall. This is the 
basisof methods described on pp. 317-328. In particular it Is evident 
from these cqiations that the tilting lens method and that due to 
Charles are essentially the same In principle : a value of D(l) is chosen 
so tdtat (22a, b> are satisfied and then an adjimment made to get a 
re^onabty good definition overall. 
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EPILOGUE 


There are some desirable features of the performance of a 
lens which cannot be realised because of the very nature of 
the light the lens is handling. For instance, because light 
travels in straight lines, it is impossible to have at the same 
time both a large aperture and a large depth of focus. 

There are others, however, which are not attained because 
of the complication of lens construction that they would 
entail. For instance it is possible to make a lens of aperture 
fO.8 provided that only a small field is to be covered, say 
16 mm. film with a lens of 2 Inch-3 inch, or even longer 
focal length. There seems no fundamental reason why a lens 
of the same aperture should not be made to cover a larger 
field, but with present methods of lens construction and 
design this would probably mean an intolerable degree of 
complication. 

In every lens produced a compromise has to be made. For 
instance In a telephoto lens some of the correction for zonal 
spherical aberration has normally to be sacrificed to obtain 
a reasonable distortion and astigmatism correction. 
There Is no point in disguising the fact that every lens is a 
compromise. It has already been stressed that advertising 
and patent specification claims that aberrations have been 
eliminated are only a conventional way of saying that a 
reasonable compromise has been reached. 

The fact that the aberrations are reduced to such an 
extent that the average photographer will not see them unless 
he looks carefully for them does mx: mean ttet they should 
be overlooked or their existence denied. It Is only by 
recognising their presence and their effea on the definition 
of the negative that It is possible to ext^dse a proper 
judgment and discrimination when examining lenses, and to 
understand why only a limited number of basic styles of lef» 
are available, for instance to understand why there Is nc^ 
available an fl.5 covering an angle of ICX)®. 

It seems at the present that to make any sutetantlai 
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movement In the way of producing lenses with a higher 
performance than those now available will mean the Intro- 
duction of new materials and new manufacturing methods. 

A great advance was made nearly half a century ago with 
the development at Jena of special glasses, glasses that are 
now regarded as being the common-place materials available 
to the designer and manufacturer. New glasses have been 
the subject of recent patents by Kodak. It seems that these 
will lead to definite Improvement in lens performance. 

Up to the present practically all photographic lenses 
commercially available have spherical polished surfaces on 
the glasses. If It were possible to produce non-spherical 
surfaces sufficiently accurately and cheaply to incorporate In 
normal commercial lenses an improvement in lens perfor- 
mance could be obtained. Non-spherIcal surfaces leave the 
designer with much greater freedom In arranging the various 
glasses. The difficulty Is to produce them to close enough 
limits for use in photographic lenses. The glass surfaces are 
normally true to the proper curvature within one fifty- 
thousandth of an Inch. This can readily be obtained with 
spherical surfaces. Before non-spherical surfaces can be 
produced In quantity to this accuracy new methods will have 
to be introduced. 

It Is too early yet to say whether moulded plastic lenses will 
find their way Into high-grade camera lenses. In addition 
to the accuracy of the surface curvature mentioned above 
and whidi has to be dealt with In the form of allowing for 
shrinkage as the lenses come off the dies, there is also the 
question of complete uniformity of the transparent material 
to be dealt with. In the manufacture of high-grade optical 
glass stringent precautions are taken toensure the uniformity 
of the glass, and at one time the methods of obtaining this 
uniformity were carefully guarded trade secrets. Consider- 
able difficulties have yet to be overcome before a moulded 
lens can be produced with the same quality of uniform 
material and accurate finish that is charaaeristic of a first 
class anastigmat. 

A development that seems to be foreshadowed by recent 
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patents and publications In technical literature, is a lens 
comprising one or more concave or convex mirrors and 
correcting plates of a non-spherical form, or more probably 
a system employing mirrors corrected for spherical aberra- 
tion by deep meniscus lenses. These lenses are simple, light 
and comparatively free from chromatic effects. While the 
best theoretical correction is obtained with aspheric plates, 
these are difficult to manufacture and meniscus correcting 
elements, where manufacture is comparatively straight- 
forward, will give adequate performance. 

At present lenses of f 1.3 aperture are available for the 
use of the film studios. It is doubtful whether any higher 
aperture will be needed for film or television studio use. 
Improvements in the television pick-up tubes mean that 
lenses of existing types provide ample light. 

The variable focus or Zoomar lens is finding increasing 
use at present in the television studios. The studios are 
cramped for space and usually work to a tight schedule, so the 
variable focus lens provides an important method of securing 
close-ups and the effects of a gradual camera movement. 

The first development of lenses, in what can be called the 
classic period, ending about 1905, was mainly stimulated by 
the demands of still photography. An aperture of f3.5 or 
f3 was considered quite fast for that work. The second 
period of lens development, starting about 1920, owed Its 
Inception to the demands of the film studios to a large extent, 
and to the development of the miniature camera to a lesser 
extent. It can be taken as culminating in lenses of apertures 
up to f 1 .0 and f 1 .3. Apertures are not likely to be increased 
much beyond this except for television projection lens^ and 
for special purposes such as radiography, where maximum 
apertures have reached fO.65. Nor is it likely that 
radically new types will be brought out for commercial use. 
What can be expeaed is a gradual improvement in present 
types of lenses, in particular as far as vignetting is concerned, 
as new materials and techniques become available. 
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XXXII.— CONVERSION OF INCHES TO MILLIMETRES 
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XXXIIl.— CONVERSION OF FEET TO METRES 
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GLOSSARY 

ABERRATION. A fault in the performance of a lens because of which 
the rays of light are not brought to a perfect point. The various types 
of aberration are dealt with in the text (see p. 94). 

ACHROMAT. A lens designed to bring light of two colours to the same 
focus. Such a lens is achromatised, or is an achromatic tens (see p. 124). 

ALBADA FINDER. A view-finder showing the area recorded marked 
by a white frame, set in a larger field than that recorded (see p. 297). 

ANASTIGMAT. A lens -construaed of a number of separated glass 
elements to give good definition over an appreciable size of plate or 
film (see p. 1 14). 

ANGLE OF VIEW. The greatest angle between two rays going through 
the lens to the sensitive plate or film (see p. 44). 

ANGULAR FIELD. The same as Angh of View. 

APOCHROMAT. A lens In which light of three colours is brought to 
the same focus. Frequently used In process work (see p. 126). 

ASTIGMATISM. A lens suffers from astigmatism when the rays from 
a point in front of the lens meet In two bars of light at right angles 
with a separation b^ween them (see p. 1 13). 

AXIS. The centres of the spherical surfaces bounding the glasses In a 
lens lie on a straight line, the axis of the lens. The lens Is symmetri- 
cal about its axis (see p. 14). 

BACK FOCUS. The distance from the back glass of a lens to the focusing 
screen when a distant object Is in sharp focus on the latter (see p. 29). 

BARREL DISTORTION. A lens suffers from harrei distortion when the 
Images of straight lines are curved lines concave to the centre of the 
plate or film (seep. 121). 

CENTRE OF HELD. The point where the lens axis cuts the sensitive 
plate or film (see p. 103). 

CENTRAL DEFINITION. The quality of the definition In the centre 
of the field. It depends only on the spherical aberration and chromatic 
aberration (see p. 103). 

CHROMATIC ABERRATIONS. Faults in the performance of a 
lens that arise because light of different colours is bent to varying 
extents by the same piece of glass. Subdivided into axial and lateral 
chromatic aberratkm (see p. ICO). 

COMA. A fault in lens performance that results In an unsymmetrical 
light patch, flairing away like the tail of a comet (see p. 1 10). 

COMPOUND LENS. A lens consisting of two or more pieces of glass, 
sometimes cemented together with Canada Balsam (see p. 14). 

CONDENSER. A lens or lens system concerned mainly with the even 
distribution of light and not with the quality of an image (see p. 314). 

CONVERTIBLE LENS. A lens whose component parts may be used 
alone to provide lenses of different focal lengths (see p. l^). 

CONVERGENCE OF PERPENDICULARS. When a photograph is 
taken with the camera pointing slightly upwards the parallel edges of 
buildings are reproduce as sloping together (see p. 317). 

CORRECTION OF DISTORTION The convergence of perpendiculars 
can be remedied when an enlargement is made by using a sloping 
enlarging board, with or without a sloping negative, when suitable 
precautions are taken (see p. 317). 
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COVERING POWER. The area of plate or film over which the lens 
will give an image of reasonable quality, or the region of space that 
is recorded on a plate or film of this size (see p. 44). 

CONVERGING LENS. A lens which causes previously diverging rays 
of light to converge together, or which increases the degree of con- 
vergence of already converging rays (see p. 27). 

DEFINITION. The quality of the image produced by a lens (see p. 12). 

DEPTH OF FIELD. The region in front of and behind the focused 
distance, within which object points still produce an image of a re- 
quired standard of sharpness. It is the tolerance in object lens 
distances (p. 59). 

DEPTH OF FOCUS. The permissible film movement, or tolerance in 
lens-film distances, within which the sharpness of the image from a 
fixed object is up to a required standard (p. 68). 

DiFFRACTlON. Light has a certain tendency to spread into the shadow 
of an object, or to spread away from a point image. This is the 
diffraction of light. In general it is not appreciable (see p. 137). 

DISPERSION The dispersion of glass is its property of bending light 
of different colours to different extents. It is measured by the 
Abbe number V (see p. 96). 

DISTORTION. A lens suffering from distortion reproduces straight 
lines in the object space as curved lines on the sensitive plate or 
film. See Barrel Distortion and Pincushion Distortion (see p. 119). 

DIVERGING LENS. A fens which increases the divergence of a group 
of already diverging light rays (see p. 27). 

ENLARGING LENS. A lens designed to give its best performance 
under the conditions met with In making enlargements (see p. 135). 

EQUIVALENT FOCUS. The same as Focal Length. 

FIELD. The region of space that is not on the lens axis. Any point 
away from the lens axis is in the field. Correspondingly the image 
of a point in the field lies away from the centre of the sensitive 
plate or film (see p. 1 19). 

FIELD CURVATURE. When there is field curvature the images of 
points in the field at a given distance from the lens, instead of being 
imaged on a plane surface, are imaged on a curved surface and the 
plate or film needs to be bent to fit this surface to get the best 
definition. The field curvature depends on the Petzval sum (see p. 1 13). 

FLARE The distribution of extraneous light on the plate or film due 
to light that has been reflected at two air-glass surfaces in the fens, 
when this light produces a more or less even illumination (see p. 258). 

f/NUMBER. A number measuring the light passing power of a iens, 
and obtained by dividing the focal length by the diameter of the 
beam of light that gets through the lens. The smaller the f /number 
the more light is passed by the lens. Halving the f/number increases 
the light four-fold (see p. 62). 

FOCAL LENGTH. The distance from a nodal point to a focal point 
of a lens. It settles the scale of reproduction (see p. 14). 

FOCAL PLANE. A plane at right angles to the lens axis through the 
focal point Infinitely distant objects image in this plane (see p. 24). 

FOCAL POINT. The position of the focus when the rays entering or 
leaving the lens are a parallel bundle to the lens axis. The foci» 
corresponding to an infinitely distant point on the lens axis (see p. 14). 
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FOCUS The point where the rays of light radiating from a luminous 
point and bent by a lens meet a|^in, or the position where they come 
to their most compact form as judged by the size of the illuminated 
area they produce on a screen orsensftlve plate placed there. Ideally 
this light patch is a point (see p. 12). 

FOCUSING. The adjustment of a lens relative to a screen or sensitive 
plate so that the focus of any given point or group of points ties 
on it (seep. 16). 

FOCUSING SCREEN. A ground glass screen placed In the camera 
in the position of the sensitive plate or film so that by inspection of the 
image formed upon this the focusing of the lens can be carried out. 
When the image is at its best on the ground glass screen then It Is 
so also on the sensitive plate or film. The image is formed on tho 
ground surface of the glass closest to the lens (see p. 291). 

FOCUSING SCALE. A scale mounted on the camera so that the* 
focusing of the lens can be carried out without a screen (see p. 235). 
GHOST IMAGE. An image formed by rays which have been reflected 
at two air-glass surfaces inside the lens, and which lies near the image 
formed by rays going through the lens in the normal way (see p. 258). 
IMAGE POINT. The same as Focus, 

INVERTED TELEPHOTO. A lens consisting of a diverging group of 
lenses followed by a converging group so that the back focus of the 
system is greater than the focal length of lens as a whole (see p. 205). 
LENS. A term used elastically to mean either a single piece of glass 
with polished faces, or a number of such pieces of glass mounted 
together, so that they are capable of bending light rays (see p. 12). 
LENS CENTRING. The adjustment of a lens so that the centres of 
all the polished spherical surfaces of the glasses lie on a straight 
line (see p. 204). 

MENISCUS LENS. A lens having one of its glass to air surfaces convex 
and the other concave (see p. 141). 

NODAL POINTS. Two points on the lens axis such that a ray of light 
going into the lens aiming at one comes out of the lens aiming away 
from the other and parallel to its ingoing direction (see p. 26). 
PARALLAX ERROR, The error introduced because the view-finder 
on a camera sees the scene from a different viev/point to that of the 
camera lers, and so the ar^ seen in the view-finder is not that 
recorded on the sensitive plate or film (see p. 298). 

PERFECT LENS. A lens which reproduces every point as a point, and 
every straight line as a straight line (see p. 23). 

PERSPECTIVE. The perspective of a group of objects is their relative 
grouping and sizes as it appears to the eye viewing them (see p. 33). 
PETZVAL LENS. A lens consisting of two widely separated groups 
of lenses, each group approximately achromatic. Such a lens is very 
popular for projection work (see p. 144). 

P^YZVAL SUM. A (quantity depending only on the glasses and the 
curves on them that are used in the lens, and which determines 
the curvature of field. The greater the Petzval sum the nK)re curved 
is the field (see p. 1 13). 

PINCUSHION DISTORTION. A lens suffers from pincushion dis- 
tortion when the images of straight lines are curv^ lines convex 
towards the centre of the plate (see p. 121). 
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POLARISED LIGHT. With a polarising filter the light transmitted is 
polarised and has this property : if two polarising filters are paral/el 
the light transmitted by the first is transmitted unchanged by the 
second ; if the second is turned through a right angle so that the 
filters are crossed the light that is transmitted by the first Is completely 
extinguished by the second (see p, 272). 

POWER OF TELEPHOTO LENS. This is the ratio of the focal length 
of a telephoto lens to the back focus of the lens (see p. 194). 

RAY. The path along which light travels (see p. II). 

RANGE-FINDER. A device for estimating the distance of an object 
which is to be photographed (see p. 302). 

REFRACTIVE INDEX. A number which measures the power of glass 
to bend light rays. The greater the refractive index the more a ray 
of light is bent (see p. 96). 

RESOLVING POWER. The power of a lens to produce images of closely 
spaced lines or points which do not overlap one another, and which 
can be picked out as separate from one another (see p. 248). 

SPECTRUM. The coloured patch of light, red at one end and shading 
off through orange, yellow, green, and blue to violet, produced 
when a beam of white light is bent by a prism before it falls on a 
screen (see p. 19). 

SPHERICAL ABERRATION. The defect in the performance of a lens 
that results in its producing a disc of light as the image of a point on 
the lens axis, which has a certain minimum size that cannot be re- 
duced by focusing the lens, but which can be reduced by stopping 
down the lens (see p. 103). 

STEREOSCOPIC EFFECT. The two eyes see the same scene from 
slightly different viewpoints, and consequently two slightly different 
Impressions of the scene are transmitted to the brain. The mental 
fusion of these two impressionstogivea sensation of depth and relief 
Is the stereoscopic effect (see p. 306). 

SURFACE TREATMENT. The production of a thin film on the sur- 
face of glass of suitably adjusted refractive index and thickness so 
that no light is reflected at the surface. This eliminates Ghost Images 
and Flare (see p. 284). 

SUPPLEMENTARY LENS. A lens, usually of a single piece of glass or 
of two cemented together, which when used with a camera lens 
may shorten the focal length so that close-ups may be taken or so 
that more of a distant scene may be recorded on a smaller scale ; or may 
lengthen the focal length so that a distant scene may be reproduced 
on a larger scale (see p. 53). 

TELEPHOTO LENS. A lens consisting of a converging group of lenses 
followed by a diverging group so that the back focus of the lens is 
only a fraction, about one-half or one-third, of the equivalent focal 
length of the lens (see p. 194). 

VIEW-FINDER. A device mounted on the camera to indicate the 
par t of a scene that will be recorded (see p. 291). 

‘VIGNETTING. The lower intensity of illuminaticxi produced by a 
lens at the corner of the plate comf^red with the central illumination, 
due to the obstruction of light by the edges of the glasses (see p. 257). 

WIDE-ANGLE LENS. A lens cabbie of giving satisfactory definition 
over a plate having a diagonal 1.5 to Z5 times the focal length of the 
lens (see p. 172). 
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BIBLIOGRAPHY 

Since the appearance of the first edition a number of enquiries 
have been received about books dealing with optical matters from a 
more technical jx>int of view than is within the scope of this book. 
A number of works dealing with such topics are therefore listed below, 
with a few comments. 

Probably the best technical book on photographic optics Is 
“ Das photographische Objektiv,** by Mart©, Rioter, and v. Rohr 
(Springer^ Vienna, 1932). 

An earlier book of the same type, of value despite its early date, Is 
“Theorie und Geschichte des photograph ischen Objektivs,*’ by 
y. Rohr (Springer, Berlin, 1899). (An English edition, now out of print, 
W3S issued by H.M. Stationery Office in 1920). 

Excellent accounts of aberration theory, using elementary mathematics, 
are given in 

“Lehrbuch der Geometrischen Optik,” by A. Gleichen (Teubner, 
Leipzig, 1902), 

Grundzuge der Theorie der optischen Instrumente,” by S. Czapski 
(Barth, Leipzig, 1904), 

“ Principles and Methods of Geometrical Optics,** by J. P. C. Southall 
(MacMillan, New York, 2nd Edition, 1913). 

A more academic tone characterises 
“ The Theory of Optical Instruments,** by £. T. Whittaker (Cambridge 
University Press) 

More advanced mathematical methods are used to furnish an elegant 
treatment of aberration theory in 

The Symmetrical Optical System,** by G. C, Steward (Cambridge 
University Press, London, 1928), and 

“ Geometrical Optics,** by J. L Synge (Cambridge University Press, 
London, 1937). 

“ Applied Optics and Optical Design,** by A. £. Conrady (Oxford 
University Press) is Part One of a two volume work. Part Two has 
not appeared. This gives a good account of ray-tracing methods, 
but is of limited Interest to the photographic lens designer. It 
Is to be recommended as an introduction to the theory of optical 
design for those whose mathematics are weak. 

As elementary treatments may be recommended 

Mirrors, Prisms and Lenses,** by J. P. C. Southall (MacMillan, New 
York, 1918), and 

“ Geometrical Optics,*’ by H. T. Flint (Methuen, London, 1936). 
From the point of view of production methods, two recent bool« 
are outstanding, , , 

“ Optical Workshop Principles,” by Ch. Deve (Hilger, London, 1944), 
which Is a translation from the French, and 
” Prism and Lens Making,’* by F. Twyman (Hilger, London. 1942). 

” Fundamentals of Optical Engineering,** by D. H. Jacobs (McGraw- 
Hill, New York, 1943), contains a certain amount of aberration 
theory, and an account of methods of mounting optical elements. 
This makes no pretence at being a comprehensive list. But there are 
enough types of book given to carry the interested reader a good way. 
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Abbe number 95-99, 348 

Aberrations 18, 94, 102, 350 

Aberrations and depth of field ... 129 

Accessories 291 

Accommodation of eyes 341 

Achromatic correction ... 124, 348 

Achromatic lens ... 124 

Afocal supplementary lens 194 

Airy disc 138 

Albada view-finder ... 293, 294, 296, 297 
Alignment, testing for ... 226, 230 

Anastigmat ...^ ... 114,142,152 

Angle of deviation 95 

Angle of incidence 95 

Angle of refraction 95 

Angle of view 44 

Angstrom unit 272 

Angular field ... 44, 45 

Apochromatic correction 126 

Astigmatic lines 114-116 

Astigmatism ... 103, 113-117,354,355 

Astigmatism, higher order 1 17, 354, 355 
Axial chromatic aberration 

100, 126, 134,233.236,348 
Axial chromatic aberration calcula- 
tions 

Axis of lens 14,224 


Back focal length ... ... ... 29 

Balance of aberrations 

103, 117, 129, 134,23^244 
Barrel distortion 1^1 

;;; - 

Brightness ^ 

Brilliant view-finder ... 293, 296 

Bubbles in glass 266 


Camera lens in enlarger ... ^ 

Camera, stereoscopic ... ^ 

Canada Balsam 14, 149, 264, 2W 

Care of lenses 

Central definition 103, 233 

Centring of lens 224, ^ 

Centring, testing for "7 

Change of focus 334 

Chart for testing ... 237,241.245.249 
Chromatic aberrations 

100. 103, 122-12^ 128,233,236 
Chromatic aberration, testing ^^**236.243 

Chromatic correction 122-125, 3M 

Cinematography, stereosc^ic ... 312 
Cleaning lenses 265 


Click stops 184 

Coloured filters ... 273 

Coma 103, 110, 118,353 

Coma, higher order 1 1 1-l 13, 353 

Compound lens ... 14, 122, 142 

Condenser systems 

313-316,329,331.333-336 

Continental type lens 156 

Contrast of image ... 289 

Convergence of eyes ... X)9, 341 

Convergence perpendiculars 

317, 358-360 

Converging lens 27, 28 

Conversion tables 364, 365 

Convertible lens 186, 187 

Cooke triplet lens 160, 16! 

Copying lens ... 184 

Correction of distortion 

317-329, ^360 
Correction of distortion formulae 

322-328, 358-KO 
Covering power ... 44, 45, 146 

Criterion of definition ... 59-61,69 
Curvature of fi«^ 103, 1 13-1 16, 3S3 


Definition and stopping down «. 137 

Depth erf field 

15. 16. 59, 61, 65-75, 129, 132, ITS. 2D0 
Depth of field adculatsons ... 65-73 

Depth of field, comp<^tive ... 73 

Depth of field, experimental ... 260 

Depth erf field for stereoscopy ... XJ7 
Depth of field for telephoto ... 200 

Depth of field for wide-wigle ... 175 

Depth of field tables ... 76-93 

Depth of field, testing for 260 

Depth of focus w 
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Diaphragm ... ... 18, 110, HI 

Kascopk prt^ectioct 147, 329, 3^ 

Diffraction ... ... ... 
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Diffusion 

Diffuskm disc 1^ 

Dlfhttion for enhrgifig ... 314-316 

Diopters 189, m 

Direct vi»on view-finder 295 

Dispersion of light 

Distorted perspective ... 197,231 

Distortion .. 103. 1 19-122, 355 

Distortion, barrel 121 

DiOortkm, correction erf _ 

317-329, 358-360 
Distortion, pincushion ... •• 121 

Di^ortion, testing for ... 25^255 

Diverging lens 37, 
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EmuUion resolving power 250 

^larger illummation ... 313,317 

Enlarger variable contrast — 314-317 

Enlarging ••• 313 

Enlarging, correction of distortion 

317-327, 35a-360 
Enlarger, diffusion for ... 314-316 

Enlarging formulae 54-57 

Enlarging for stereoscopy 310 

Enlarging lamp 314,315 

Enlarging lens ... 135, 182-184 

Enlarging lens testing ... 238, 251 

Enlarging nodal distance 319 

Enlarging with tilted planes 

319-329.358-360 

Episcopic projection 147 

Equivalent fo^ length ... 27,343 


field curvature 103, 1 13-1 16, 353 

field performance 119 

field performance, testing for ... 243 

film movement 68 

Rim profeciion 149, 336 

Rim viewer 337-342 

filters 273, 275 

filters, coloured 273 

filters, interference 290 

filters, polar^g 277-282,31^315.317 


Bit«:s, testing 
first onler aberration 

Rare 

Bare, testing for 

Ffelctoscope 

f/number 

f/number for dose-ups 
f/number, testing for 
Focal length 


235 
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758,259,282 

260 

... 293, 294 

17, 18, 62. 63 

63 
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Focal length cticufetiom ... 343-347 

Focal length n»«isurem«it ... 29-35 

Focal l«igth with supplementary ... 189 


Focal ... 

Focal point ... 

Focus 

Focus, dmnge of 
Focusing 

Focusing adaptor 
Focusing range 
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Focusing screen 
focusing travel 


24, 25 
.. 14,24,25 

12, 129 

234 

16, 29. 30, 388 
... 50 

50,51 
48,50,51.235 
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Formulae, correction of distortion 

322-328, 358-360 

Formulae, depth of field 

15. 16, 59, 61, 65-75 
Formulae, enlarging ... 54-57 

Fc»rmuiae, object and image 

46-48,54-57 

Formulae, projection 54-57, 330, 332 
Formulae, ray tracing ... 343-347 


Ghost inu^ ... 
Ghm, optical 
Glossy of terms 
Grain ... 


258,259.282 
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Higher order aberrations 

102,111,112,352 

Homocentric lens ... 

153-156 

Hoods for lenses 

256, 283 

Hyperfocal distance ... 

64. 66, 68 

1 

Ideal lens 

23. 101 

iliumination for enlarger 

313-317 

Illumination, projection 

329-333 

Image 

12 

Image contrast 

289 

Image patch 

ill 

image position 

46 

Image size 

37, 38 

increased focusing range 

50 

Index of refraction ... 

.. 95, 96-99 

infinity 

29 

Infra-red light 

.. 21.22,272 

Infrarred photography 

273, 274, 276 

Interference filters ... 

290 

Interference of light... 

.. 285. 286 

inverted telephoto lens 

172, 205, 206 

Iris diaphragm 

18, no. Ill 


L 


Lamp for enlarging 

314,315 

Lamp, projector ^ ... 

Lantern slide projection 

329, 331-333 

J46, 

329. 331,332 

Lateral chromatic aberration 128, 236 

tens 

... 12 

Lens, achromatic 

... 124 

Lens, focal supplementary 

... 194 

Lens cement 

... 14 

L«u centring . 

224,225 

Lens compound 

14. 122, l-G 

Lens, continental type 

... 156 

Lens, converging 

27, 28 

Lens, convertible 

186, 187 

Lens, Cooke triplet ... 

160, 161 

Lens, copying 

... 184 

Lens, diverging 

27,* 28 

Lens, enlarging 

135, 182-184 

Lens, Homocentric ... 

153, 156 

Lens hood 

265, 283 

Lens, inverted telephoto 

174, 205, 206 

Lens, meniscus 

141, 143 

Lens, mirror 

... 212 

Lens mounts 

... 220 

Lens, negative 

... 27 

Lens, perfect 

23, 101 

Lens, Petzval 

144, 145 

Lens, portrait 

176, 181 

Lens, positive 

... 27 

Lens, power of 

15 

Lens, primitive 

... Ml 

Lens, process 

135, 182-184 

Lens, projection 

144, 329, 331 

Lens, radiographic 

... 150 

Lens, rapid-rectilinear 

142, M3 

Lens, Schmidt 

... 216 

Lens separation for stereoscopy ... 310 

Lens, soft-focus 

176, 181 

Lens, Speed-F^chro 

153, 157 


372 



Lens, stop ... ... 18,101,110,111 

Lens, supplementary 51-53, 189, 191 

Lens, symmetrical ... 151,153-155 

Lens, telephoto I94> 195 

Lens, Tessar 161, 166 

Lens, testing 224 

Lens types 141 

Lens, variable diffusion 181 

Lens, variable focus 21 1, 213 

Lens, wide-angle 132 

Lens for stereoscopy ... 307 ,308 

Light 11.20,21,269,272 

Light dispersion ... ... 95-99 

Light interference 285, 286 

Light patch ... 23,100,111,118,129 

Light path 98^101 

Light, polarisation of 272, 277, 282 

Light ray 11,269 

Light reflection 284, 2K 

Light refraction ... 19,94-99,285 

Light transmission 270 , 738 

Ught wavelength ... 20,22.271,272 

Limit of depth of field 66 


M 

Magnification 54-57 

Maximum enlargement 56 

Meniscus lens 141, 143 

Miniature slide projection ... 148, 329 

Minimum spherical aberration ... 104 

Mirror lens 212 

Mounting prints for stereoscopy ... 3! I 


N 

Negative lens 27, 190 

Nodal points 24-27, 3^ 847 

Nodal slide 30, 31 


O 

Object and image formulae 46-48, 54-57 

Object position 46 

Optical calculations ... 343, 347, 355 

Optical glass types 98 

Optical performance, testing for ... 232 

Optical view-finder 293, 296 

Over-correct aberration 106-1 10, 356 


P 

Panorama camera 42, 43 

Parallax correction 300 

Parallax error ... 295, 298-^1 

Perfect lens 23, 10 1 

Perspective 36-40, 60 

Perspective, distorted ... 197, 201 

Perspective frame 36-38 

Petzval lens 144, 145 

Petzval sum ... ... 114-116,353 

Pincushion distortion 121 

Pinhole camera 12 

Point image 23 

Point of view 34-37 

Polarisation of light ... 272, 277-282 

Polarising filters 277-282, 312, 315-317 
Portrait lens 176, 181 


Positive lens ... 27 

Power of telephoto lens 196 

Primitive lens I4I 

Principal plane 26 

Principal ray ... 120 

Process lens 135, 182-184 

Process prism 186 

Projection, diascopic 147,329,331,333 

Projection, episcopic 147 

Projection, film 149, 336 

Projeaion formulae 54-57, 330, 332 

Projection illumination ... 329i-333 

Projection lens ... 144,329,331 

Projection lens focal length 57, 330 
Projection, miniature slide ... 1^ 

Projection adjustment ... 331, 334 

Projection lamp ... 329, 331-333 


R 

Radial line 114-116 

Radiation 19-21 

Radiographic lens 150 

Range-finder ^12-306 

Rapid-rectilinear lens ... 142, 143 

Ray tracing formulae ... 343-^47 

Reflection of light 284, 28S 

Reflex camera 292 

Reflex focusing 292 

Refrartion, angle of 95 

Refraction of light 

19. 94-99, 285. 343-^47 

Rrfractive index 95, 96-99 

Resolving power 248, 250 

Rising front 40, 41 


S 

Sagittal rme 114-116 

Scattered light 2^ 

Schmidt lens 216 

Screen illumination ... 330, 332, 333 

Secondary sp^rum 125, 242, 350 

Seidel aberrations 102 

Soft-focus attachmwits ... 177, 178 

Soft-focus lens 176, 181 

Spectrum 19-22 

Speed-Panchro lens 153, 157 

Spherical aberration 

103-1 10, 233, 35 % 355-JS7 

Stains 231. 265 

Standard screw threads 223 

Star test 227 

Stereoscopic camera ... 307, 309 

Stereoscopic dnematography ... 312 

Stereoscopic depth 307-K)9 

Stereoscopic effect 307, ^)9 

Stereoscopic pair 307, ^59 

Stereoscopic photography 306, 307, 309 

Stereoscopic viewer ... 307-309 

Stereoscopy 306 

Stereoscopy, depth of field ... 307 

Sterecacopy, enlarging 310 

Stereoscopy, lenses for ... 307, 308 

Stereoscopy, lens separation ... 310 

Stereoscopy, mounting prints ... 31! 

Stop 18,101 110,111 

Supplementary lens ... 51-53, 189, 191 
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Supplementary lens, formulae 189-192 

Surface treatment 284-290 

Swinging back ... ... 40, 41 

Symmetrical lens ... 151, 153-155 


T 

Tangenti^ line 114-116 

Telephoto lens 194, 195 

Telephoto lens, depth of field ... 200 

Telephoto lens power 196 

Tessar lens 161, 166 

Test charts ... 237,241,245-249 

Testing enlarger lens 238-242, 251 

T<Kting filters 235 

Testing for alignment 230 

Testing for centring 227 

Testing for chromatic aberration 236-243 

Testing for depth of field 260 

Testing for distortion ... 253, 255 

Testing for field performance ... 243 

Testing for flare ... ... ... 260 

Testing for f/numfaer 256 

Testing for optical performance ... 232 
Testing for secondary spectrum ... 242 

Testing for vignetting 254 

Testing lenses 224 

Testing projectors 237 

Tilted planes, enlarging 

318-329,358-360 

T/nambw 288 

Transmission of tight ... 23^ 2B8 

Trampareocy viewer ... 337-M2 


Transverse line 

1 14-116 

T/stops 

288 

U 

Ultra-violet light 

21,22,272 

Under-correct aberration 

104-110, 356 

V 

Variable contrast enlarger . 

314-317 

Variable contrast paper 

136 

Variable diffusion lens 

181 

Variable focus lens ... 

211.213 

Variation of focusing position ... 234 

Viewer, stereoscopic 

307-309 

View-finder 

291,293 

View-finder, Albada 293, 

294, 296. 297 

View-finder, brilliant 

293, 296 

View-finder, direct vision . 

... 295 

View-finder, optica! ... 

293, 296 

View-finder, reflex ... 

291-287 

Vignetting 

253,257 

Vignetting, testing for 

... 254 


W 

Wavelength of light 20, 22, 271, 272 

Wide-angle lens ... 172 

Wide-angle lens, depth of focus ... 175 

X 

Zonal aberration 106-110 


Actual lens names are not included in this index ; they will be found in tables XXII 
to XXIX on pp. 151, 153, 1$8, 176, 182, 185, 205 and 211. 
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COMPANION VOLUMES TO THIS MANUAL 


PHOTO TECHNtQUE 

Fundamentals and Equipment 
ByHJ. Walls, BSc., Ph.D. 

65 photographs, 240 diagrams, 384 pages, 32 tables, 7^ x 5 inches, doth bound. 
Price 25/- (Postage 9d.) 

EXPOSURE 

The Fundamentals of Camera Technique 
By W. F. Berg, DSc„ Ph.D„ F,R,P.S. 

91 photographs, 1 10 diagrams, 432 pages, 67 tables, 7J x 5 inches, doth bound. 
Price 21/- (Postage 9d.) 

Second Edrtha 

ILLUMINATION 

The Technique of Light 
By R. H. Cricks, F,R.PS., FS.K.A, 

172 diagrams, 37 tables, 320 pages, 7J X 5 inch^, doth bound 
Price 17/6 (Postage 6d.) 

DEVELOPING 

The Technique of the Negative 
By C. /. Jacobson, Ph,D, 

81 photographs, 69 diagrams, 328 pag«», 241 formulae, 38 tables, 7i x S inches, doth 

bound. 

Price 15/6 (Postage 6d.) 

Thirteenth ec^kn 

ENLARGING 

The Technique of the Positive 
By C, L Jacobson, Ph.D, 

53 photographs, 78 diagrams, 304 pages, 76 lormutoe, 36 tabl«, 7i X 5 inches, doth 

bound. 

Price 15/6 (Posi^e 6d.} 

Fifteenth edition 

RETOUCHING 

Corrective Techniques in Photography 
By 0. R. Croy, PhS>. 

146 photographs, 158 diagram, l^ses, 35 formulae, 4 taUes, 7| x 5 inches, doth 

bcwnd. 

Prioi 15/6 (Postage 6d.) 

SENSITOMETRY 

The Technique of Measuring Photographic Materials 
By L Lobel and M. Dubois 

10 photographs, 80 diagrams, 264 pages, 7| X 5 indm, doth bound. 

Price 25/- (P(»tage 9<L} 
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